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RECOnHii<M-'T i:';Kl'rCOGI 031-1. IN PRjrPM-5ATI0NS, ^■^S^Z>!25£ 
VECTORS A?^^D RECQ^^BII^?^?^!' HOST CELLS fHSREFOR 



ggejcgroufi^ of the I«!iyentipfj 

Tnfs 1nyfi»t?0!-i reUtes to tne field of ijiminoglobul is profiuctlon 
gf^d to fnoduicdtion Qf s-jatur&'Uy occur ing imsHunoglorMj] in arrsinQ acid 
seqijencfrs, SpLvCii-jv-^^Uy, ths- invirntion rcicU=s usSii-: :n, lO; ^:.irjt 
techn iiv.ie^. to produce both iai-sunogl obuUrts w?nch are ari-^lrKjou-s to 
tnoNc ncriiicily fou.id in vertebrate syst&ms m4 to take ^dvantsgg -sf 
t^;ese §efi& mdiHcatlsfi tecbn1q»es tss- construct cMmerlc or other 

A. I^giisiffloglobul Ins ^^ 

fetlbodies Sffe specific issaiinoglobiil In pslypsptidss prssduced b)f 
me vertebrate immti systeis Irj respofjss to challenge hy fors^gn 
pr (Stains, gl^'CGprGtews, cglISi, er otlxer fii5t1gaf?1c foreign 
sub&tsnces* The sequence of events Vbisld; psrfsits the oraarns^ to 
overcosjie Uiyaslon by foreign cells, or to rid v.hrr sysie^- of fort;ip 
substances is ct lesst partisll.y untJerstood, An i-T-pDrt^int P'irt cf 
tills process is th& ">;,ni;fc,cture of antibodies which bines 
SDSCi^icsUy to a piirtlcirifir forivio'i v-iibitsncj. Th-v b^ncsno 

re^inec, <^nd tisc nvjitltyde of specificities cf.pable of b^i'v^ 
Ofcr^er^icd bj th<v 1ndivicij<?l vertiibrate )S r&^hrkdh)?^ its 
cofiipsexity ir.d v<5ria>ility, ThoL^sands of antlgeos «ro c^spcble of 
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eliciting responses, eo.ch aimost excl us wely directed to the 
particiilsr dntlges which ellcitetJ it. 

imunoglobutlns Inclade both antibodies, as above described, and 
g analogous proteits safastgnc«S ^tch lade ^tigen speclffcUjf'. The 
Utter are proteil at }m Uv«1s by the IjKph sj^stes md in 
Ijicreasesd levels fey sB^losias, 

50ijrgg_gpj Util ity 
Two major souces of vertebrate antibodies are ?ress?Jt1y 
utrhied— generi^tlon 1« sUu by the sr^iJsnsl fan B 1>i^phocytes and is 
cen culture by B-C£l1 h^Arids. /^tlbodles are jBade 1j) sjtu as a 
resiiit of bhe d-;ffer.-nt^<3tion of ifissature B lyriphocytss Ints pUs«53 
ceViv.; vihich occurs in response to sti!;iiiUt.io!i by spi^clfic 

,g sntlcisns. In t»>e ynciifferentlfited 8 cell, tla? psrtjons of OHA 
codio§ for the yarlotss regions o« tke iaruocdchuim ch.rif^s are 
separated in the genomic DffA. The SiKi^ences are reassestled 
seq«eftt1aHy prior to trans-rrlptio;.. A review af this process has 
. been given by aough, Jx^Hf'lLJf^-^^chaJiJ^c^^^^ 6; £03 (1981). The 

2Q resyUing rearranged ge{i« 1s capable of expression In the mstiire B 
l^fshocjfte tO: produce tiie desired antibodyx Everi #!efi diiTy & single 
antigen Is Introduced Into the sphere of the imm& system for a 
particular mm&^, however, a unl fores population of antibodies does 
not resiilt. Thg jn sjto imisine. response U my partfoilar antigen 
Is dafined by tin; ?c of responses to the various determlrs^ts 
which are present on the antigen, £ach ?!ib^;t.t of homologous 
^>t1bod>' Is contributed by a sinole poptilatlon of 8 cells—hence in 
s|t« cenet^etlon of ^otlhodses 1i "po^ycluns; 

30 '^^^ i-i^iteab-jt fnne;c'.t n 't^^r.K-i^-r.c.i^y has bi.v;! o-v erc-;:;je 

nosserx'uii p-irtkuis^r oS'-; i, of -^vrr-.dofiu is^rhno: :io>- to creUe 
"siOssoclooaV afflibodies (konlor, et gu?\ J, Ljmj ncd. ^ 6: SII 
(im)). in tins process, splenocytes or l^phocytes fr<^a a mm&l 
which has been injected «1th antigen are fused mm & tumor cell 
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lifss, thus producing hybr\6 celU or '"h^fijridojssas" whicts are both 
Imort&l and capable of producing the genstic&lly coded antibody of 
ths B cellv The byhnds tnus fonssd are segregated Into singls 
genetic strains hy selection, dilistiofs* mo regrov^th, &r4 each 
strain t^ys represents a single gef^etic Vine. Thgy therefore 
produce 1rf«mjnor«actH'e antibodies ag&inst a desired antlgsn whv::h 
isre fissurv^d to be homagenoos, and which anti&ortle&j referencing 
their pure genetic pa!";;nt,-;-rej sre C'iVied "Tonoc'ic'iar', Hybr -idofiio 
tecfiriOlogy has to this ti5T!e been focused largely on the faslon of 
murine lines., but hufrsan-human hv^ridomas (Olssso, L< et aU,, ?^roCv 
Nsti. Ac;ad, ScA. (USA), 77: S4?9 (ISaO)); hLi.n^sn-^nurine hybrKJomas 
(Schlcffi, J., et ah (ibid) ?7; 65«I (1980)) and several other 
xenooenic nybrld combinatuin - h5v\^ bean prepared as wel K 
AUerr^ativfily, primary, arili^iody producing, 8 celss have been 
iiisBortal liad In vitro hj? trsnsformation with viral DNA. 

Polyclonal, or J ssueh «sare prsferabljc, monoclonal, sntlfaodles 
liave 3 variety of osaf«1 properties sisailar te those of the present 
Invention* For .essasspl e^ they can be i^sed as spgcific 
Issiunoprecipttattng rssgents to detect the presence ef the antigen 
^hid^ e )£>tt>d the ^^itial pr oc^^^smg of the E ceU genorse by 
ceuphrg tMi> u!tioen~?"t-s&.o'1i re8Ci;^on with suitable detection 
♦ed-i'i k s - ^ h (. r-^ni,)":! ores vnth eixyii^es 
'-5 nn'"i>! -vw: e^ are thus the 

< D> 1? s pv,r*a t USL, o -if di <: ra; d. <. -.\ m v 

nj ft i % V ^ et uq i J \ h Mr^tcfs.e 

V f n ti mm tK q i>* m jo <-o "-n-* tnr t.J.iC/^, 

M ■> Ov < •! V f i ts 1') t '^>>,>M ^"f-ita! ^rof-'^^j bit " .'- 
r'^t -it a? 5 Ui.'^is f ihira. Vihole tx-5oy diacnns-ls aj>d 
trii*.ifsitit s sa pt-^ suU uec « iM'^v^ec anr^hodie-o are dsr^cie.l 
to ^ofrtjfn -arget disease tissues, and tnus can be tised either to 
dett> M-sfie *He ,>ie>4 net of the disease by carrying v^ith them a 
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suitable or to attack the dHeased tissue by carrying a 

tuTtable drag. 

Honoclonsi antlbocsles produced h^^Hdomas, while 
trsgoretically effective as suggested absve and clearly prsfersbte to 
polyclofjal antibodies because of their spgclftcltjf, Siiffer fresss 
csrtafR dlsadvantsges. First, they tend to be coataislsated with 
other prQti?H5& and cgllislar materlsls of hybrldosiiaj {and, therefore, 
;T5a;;r;;al u^n} origin. Ths$e cells contain sfiditiona"! js&teriajs, 
notably ^lucunc acic" fracjitenis, but prolei?; frca;\er;ts as welK wnfch 
are Ccoablg of enhancing, causing, or medlatina carcinogic 
responses. Second^ hybn'doma nYses prodiicing monorJonal arslibodies 
tend to be unstable stai ?aiiy alter the structure of antibody produced 
or stop prGdtrcJng antibody allotjeintir |Koh1er, 5., et s^-j Proc:, 
Natl, Ac?.d> $c> (USA) 77: 2197 (1980); Horrlson, S.l,, Immol. 
123: 793 im9)}. The cell line gencmse spp&ars to altar Itself U 
rsspO!5S8 te stimsil 1 vsfhese nsture Is not currently kftowfs, and this 
giteratiofs may result in protiiictloo saf Incorrect sequsnces. Third, 
both h^ridoma: 8 cells inevitstsly produce certftiri afjtibodles in 
glycosylated form {felchers, 8fschesiistry, 10: 653 (1971)) 
*>^ich, under some clrcumstdRces, my be undesirable. Fourth, 
prodifictlon of botJj assnoclosal m6 polyclonal antibedles is 
rslatively expensive, fifth, and perhaps most iinportant, production 
by Cijr rent techniques (elthfrr by bybrldoma or by 8 cell response) 
does mi per^nit ii-anipulatujn of the genome so to produce 
antibodies with fuor^ sif rc--.:t?vc oec-ign c-riii-poncnts usan ihose norsiially 

1'he antibodle-s of 5;he present invention oo not s-;ffer from tte 
forsgoirig drawbacks, and, f urtbenisore, offiir the appwtonity to 
prEsvlde ssolecules of superior oesip. 

Emn those irs»j«noglohy11rj$ «<inch lack ihe specif icit^ of 
antibodies are useful, although over & ssnaller spectriJss of potential 
uses tSiso the antibodies t^ietsselves. In presently uaderstuod 
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appb.cat.ionv, such im^uno-olcounni c-^e helpful In pror-'rln 
rcpUc£;r:c^:t therapy for glcbuil;^ rsl:3U-.rj ;i--e;:;-i«. thu context, 
an iri^f^-lity to bind to sj^lgen ?s f^r.i help^^U in;.? 
therapfuiic value of thess; p>'oU=5ns wculo be imo^Aresi by suoh 
fimctisfialHy. Ac present, 8«ch non -specific erstiboiJ^es are 
derivable in quantity only fross ssyeloi;-ig c«1i cyltyrgs suitably 
■jiiduGad, The present invention offers a« a1tern8t1vg» mm 
eosnmim'i source* It also offers the opportunity of canceHIng out ' 
sped ff city by ssanipulatlsg the faur chains of tine tstrsser 
separately. 

The? biiiic imuooglobifi structural m\t 1o vertebrate sys-tams is 
now wsil uftdsrstood (£de]mao, .MLc_JliI*.-J.?l^.'.,i?i-.» ^S^'' ^ 
(197}},K Ihe units ^r^ compev;ed of two identi^e,! 1^'ght polypspticia 
cbaifis of molecular weight approxiwiiei v Z3,00D daltoos, and tm 
identical neavy chains of njolecu'Ur weight 53,000 - ?0,000, The 
four chains sre joined by disulfide fosnOs In d "V" conf Igurstion 
»!-here1n the light chsins briicket the heavy chfilns starting at the 
mnath of the ? and continuing tturoygh the divergent region as $}Jown 
in figure 1, The "brsncb*' portion, as there wdlcsted, is 
desipated Fab rsgion* Heavy dialns are oVasslfted as gassss^ 
muj delta, or ep^tiVon, with sosse subclasses ss^sng ti^esjj snd 

the Mture of this d\a1n, as It has a lorsg constant regiosy 
detsr^lfses the ^cUss" of the antibody as IgS, Iff^V IgA» IgO* er 
IgE, light cJislns «re cUsslfled as either kappa or lasfoda. Each 
heavy chain class can be prepared with either ksppa or lambsJa light 
chsin. 'the light arul heavy chains are covaisntly bondjcl to adch 
oijifiT, and tho ''tdiV portions !>f the two hsavy chsirrs are bonded to 
fjach othe-- by covsh-nt dn^ulfiut' linkages whe-; in?; irniiju^iogl obul Ins 
are gefierated either by hyDrido;^ias or by 8 cells. However, If 
riOiv-covsient s^ssaciation of the djalns can be effected in trie 
correct geosnetry^ the aggregate still be capable of reaction 
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mth miiqen, or of utiHtj &'i & proteit? supplement as a 
fjon- specif ic lTOJi)og5obu1 ifu 

The mina &cU s^uence runs from the ^^-tersjoal ead sr. the top 
5 of the Y to the C-terminal end at the bottom of esdi chain. At th& 
N~tem1n8l end is a variable region %^!ds is specific for the 
antlgeri wbtcfs elicited it, «rt<i Is approxissatel 100 aaslrso aciids 1o 
length, there befsg sH^t variatiorss fcetweeti h'ght and heavy chsin 
and from .antibody to sotibody. The variable region fs linlced in 
i^Adi chain to c constf^nt regicjn which extspds the reraalftlns length 
ef ths chairu Linkage Is seen, at the gsaomic levaU as occuring 
throud^ a linking sequence kruwfi afrrenlLv as ths "0" region Ifi tfie 
Hdn diatn gsns, fetnds avrodes abojt 12 a.^ijr.c ^clds, god as a 
combinatvon of "O" reffion ^nd * J" reaior; in th*:- i'eavy chain gene, 
^5 «i)ich loagfher eocorts flppros-imat-el y 2S a^M-,c tn-:?d3. 

The remaining portions of the diain are referred to as consta«t 
regions and wUhln a particular class not to v&ry with the 
specificity of the antibody (i.e., the antigen eliciting it). 

20 

As stated abo\re, there are fwe known tnajsr classes of constant 
regions which detgrisine tbe class of the »n£3globuHR saolecule 
(IgS, IgM, IgA, IgD, and igE correspefidln® to sj, a* «^ anti « 
*5e3v-y cha?n constant resions). The constasjt regian or class 

25 deterffiines subsi=q«snt effector function of the antibody, ificluding 
5Cti*,'dtjon of ccmp1ei;ient (Kabst, Str octm-Al Concepts In 

Znd p, ^113-436, Holt, Rfnehart, 
Hii-;stori (iS/S)), arid other ceilular restsonsps (A^-idrewSs, 0>««, 
Sl^l-' .Clinical Tnifnun&bffclogy ppM-iS, W,B, S-unders (19^;); Kc=fU, 

30 -li- -11'=" (1983)); s^ile the variable region 

detgrssines the antigen «it!5 Which it will reisct. 

Recofitinant QUk tedsnoloey has readied sufficient sof^-n'&tication 
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tiua U ^nciudfiV. i5 rei;H^rio ire of k>(:h;riquc-s fer cion-;n>5 isnd 
expression or gene j^egyenceSs Variour. D?SA sequs^jices can be 
recontlned with sosse facility, creating ON A en t Hies capable of 
prodytisg h&tero)ogoiis protain product irs Irsnsfom&d microbes, 
cell Ciiltures. The geneiral reans sxi^ mtKeds for th© in y1t.ro 
liastlen of varieus bknt efJdgd or *stid«y" ended fragaerds &f 
for producing expression vectors, and for transforwing organtssss are 
now hm4^ 

Ut^ r$coJ?t1n8t1on of the essentisl el&'flents (i.e., origin of 
replication, one or more phenotyp-^c selectlDo ch&raeteristlcc, 
s,j<presslori control se::5uence, ^:eti.^-o^^i .-^ c-r-ie insev^t asid re^aa-i^ricr 
vsctor) generally Is psrfcrmsd Oi;tsuir.' uu' nasi; cell- Tne rv.^5;u]ting 
record) in ant repl 1 cable ekprsssior. \ v. o:-, -y- plos;:nd, Is irr.rodu^ed 
Into cells by transformation and lares-; qusntities of the rgcoiribinarit 
vsyde is oDtained tsy qrowiriq the iransformtss^t. I'Jhere tn& gene is 
properly trise^'ted s/^th reference to porv-ions which gov-srn the 
transcription and translation of the sfjcoded OMA message, tb& 
resuUiftc- e)<,pres5ion vector is usgfal to produce the polypaptid^ 
seqtignce for whlc^ tKe inserted gene codes, a process referrgd to as 
*'83S press ion**' The resoltlisg product ma^ be ootafned by ly&l5» If 
necesssry, of the host cell and recovery of the product by 
spproprlate poriflcattons from other proteins. 

In practice, the ase of recoMsinarst BNA technology can express 
entirely heterologous polypeptides— v.o-cal led direct express i or;— -or 
a1tern«iively msy express a heterolooosis ps'>"iypeptide' n.-sed to a 
portion of the sirnno scic re'^iienr.e of -5 ^on-nlognuv. polypeptide. In 
the latter cases, the Intencjeo bisactive product is sosietiffsss 
rendered bioinective ^ithij^ the fiised, hotnologous/heterologous. 
pol;5^ept1de mti} it is cleaved in sn extracellular &nv ironffsnt. 

The drt of -ns intAining cell or tissue cultures ss well as 
i8ic!-obial systems for studying eenetics a^ri ceU ps^ysiology is w^vU 
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estsbllshed. Msaf^s and methods «re avafUble for fiiafetsiftl^sg 
permanent eel? lines* prepared by successive serial transfers frm 
IsoUted ceris. For use in re&aarch, such cell lines are msintained 
on a solid support- in llqytsl ssedium, or ity growth in suspensfon 
csntalrsing support stftrlments, ScaU-up for large preparations 
s essss to pos s s « 1 y ssech an tea 1 pr ob 1 ems , 

The Invaslic-r; reUra^s to ar;iibos-;<2S s^Ki to riii?';-j,p?;ci f k 
?!;«ijr;OglGba! ias (^^Sis) forr,x;d by recofi&^r.sjiv. techn-sqijes using 
Si.n'Ui-j]e i-iost cell csiltures. Ihess .-intSbcc^es af;d NSIs c^n be 
raatlily prepared in pure V>0!>oclonar' fons. They ca?; i-snipulatBd 
at the gssfibsi^ic le^el to produce chis^rss of variants nviich draw 
teir hofsology fros? species ?;h1ch dfff^ from each othsr^ They can 
also fee manipulated at the protein levol, since all fmr diatns 4s 
not need to fee prpducetJ by lite ssn^ cell. Thus, tJiere sre a naisfcer 
of ^ti^gs" of ImESRmQglohul lns encompassesl by the Ifiventiors. 

First, issfsunoglobulins, p&rttcalarly antibodies, are produced 
using recfiistinsr^t tediniques v^>ch mimic the amino acid sequence of 
natiiraily occur io9 antibodies produced by either mafttsjallan 8 cells 
In sr^, or by 8 tells fosed with suitable imortsHzing tumor 
iioes,. I.e., hybr-idoff;cs. Secood, Uu; ;!ii?tfUMjs c-f tKls Invention 
produce, anc the inverrcloji Is directed to^ siirjiunoolobuHns which 
comprise polypeptuiss not hitherto found associated with each other 
in nstiira. Such reass^Msly is psrtlculariy useful in producing 
"hvtr^d" antlboduviv Cfip.?!:ile of hlndir^o more t.hsn one antigen; snd In 
producing "conspositc" iasjiunoc-kunnns v;here1n hegyy and ~^icht chains 
of different origins essentially damp onL specificity, Thiro, fay 
genetic fr.anipulation* **crniuar>c" antibodies can he for^d wherein, 
for exaj^ple* the variable regions ccrrespond ts th& amino scid 
sequence, from one msssrsatisn sodel system, whsireas the constant 
region mitsics the amino acid seiquence of another, Aoain, the 
derivation of these two minncked sequences my be from different 
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species. Fourth, by genetic s!aj>ipiJ!Stion, "filtered" antii>od'jes 
with Iffjproved specificity othfgr characteristics csrt be forrses* 

Two other t,yp£& of Imiir.oglobylin-lifes moieties ssay be 
prosucedi "univalent'' antibodies, «h1ch are useful as hMng 
carriers to target tiss«es, and "Fab proteins* which irsclude oniy 
the "Fafe" region of an 1fM«og)ob«llR mlecule i.e, the bratiches of 
the "V", Ths<>:' univ'alent £!^tibodi«s and Fab fragments ttmy be 
'te-^^Tjal Ian* i.e., fnim^c mssvisUar; a.mt\x} scitJ sequences; novel 
iissefitlles of sTidfSTii;; ian chairn-, cr chiirierlc, wherft for ex;<mpUij the 
constant and variable sequence psstterns m^y be of differera or^gjn. 
rInasUs eUner the iloht chain or betn-y chain alone* or portions 
thereof, pTD&iceci by recoir:b inant teehfnques -are Included in the 
Inventicr. and may b£ fsgi-uaaHan or cbisserk-. 

U Qth&r aspects, the Invention is directed to PHA which sfJCO<*ss 
me afsrefi'-entiorsee^ nSH, antibodies, an^ portions therasf j as mU 
s& ejcpression vectors &r plasisicJs cspafele of effecting the 
jjrerfiictlofs of sisch issssonoglobtil Ins in sovta&le host eells. It 
1nclo(3ss the host cells 3nd cell cultures which result frosa 
transformation «1th these vectorSs Finally, the Irsvention is 
directed to asethods of producing these J^SIs and antibodies, and tne 
QHk sequences, |>lfismid&, *nd transfomsd cells intersnediate to thss$» 

Brief O e scr 1 pt i Qir^ of the OrByjii^os 

Figure 1 is a rgpresentstion of the general structure of 
i wuno global In s» 

FiQ:;re 2 vhows the tietarisd sequence of the cOM insert of pKl?G4 
whid: encodes k^pph ant? CIA chain. 

Figure 3 sS)0>vs the eoding sequence of the fragment shown in Figure 
2, along with the corresponding hmmo «cid sequence. 
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Figure 4 shows the co.#;1ned deUlled seqsienct; of th« cDNA Ij^erts of 
pyZBS and pyll whfdi enco<ie gasjsaa &nti C£A chato. 

Figure 5 shows the corresponding amino acid sequence encoded by the 
g fragssefit in Figure 4, 

Figures 6 and 7 outlifie the construction of expression vectors for 
kappa asd gassssa Mtf-dA <*j*3lrs$ respactlvely, 

10 Ffg«res 8A, 88» and BC show the results of sixfng gels ?'afi on 
extracts of coM expressing ttie genes for ganjma chair*, kappa 
chain, tind both kapps and oassma chains respectively. 

Figure 9 shows tl^s results of westai^ri Mots of e;s tracts of cells 
1g transformed as those In Flpres S. 

Figiire .10 i;how<; a standard curve for ELXSA assay of antt C£A 
activity, 

Figures 11 and 12 show th^ construction of a pTai^'ntd for ejgjresslon 
0f t^e gene encoding a chiajeric heay|' dsaln. 

Figure 13 shows W<& eenstruetlon of & plestaid for egression &f the 
gene encoding Fsb region at h&my dmi&* 

A:> used h-i-reir;, ".sntibod-|es'' r-<jfers to t^rb'SiTi^r; or <^9qrec5;;t..6<?: 
thtriw vi\:\d\ have specifu: Iffjn!«r>av^e5cr.1ve cctiv^ty, canpr-Jslna 
n'ght 5r>c; heavy cKams as«aU,y ^iggr'sgated in "V" conf Ujurdt jon 
of Figure I, w1tf> or v^ithout csvalsnt Hnkage betweer; ihen^: 
*'1f5«^fiOglEjbuUns" refers to such as&amh'es wietner or not specH i-: 
iw.!iMreactive activity vs a property. "Non-specific 
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iRsnunoglobylin" ("NSI") sneans those imriur.oglobulins v«-hich co ftot 
possess «pecificity-~>,e,, those «b1ch a^^'e not antifcod'ses* 

"M4T^!K^U3f; iotibostes" refers to antibodies wh-^r^^n the c:::ir..D 
scui ^cP-siience:; the chains are bc«iolc>30iiS with i.f os<-: <:e-,..e)i^i?s 
fotmd v; .^r,t1bod1e5 r^rodiiced by fii3svisah'£n systems, e^f-er- In 
or m hybrido;~:as. These cJitiiT-oflies n-dmir anUtscdlec which are 
Otherwise capatfle of being generated, altbsugh in Impure fcsrm, in 
ti^ess traditioRsl systems, 

"Hj,->r^d anUbodies" refers to arjtSbodiss wbarsif^ chaks are 
sspsratai^v bomologcys with referenced mamialiao sntlbody chains and 
represent -novel asseisjoHes of thess, so that tm different antigens 
are preclpitsbU by the tetrasssr, Jrf hybrid anttbosles, one pair of 
osavy and light chain Is htsselDgotis to esntiJioc-ies msed sgamst ene 
ai^tlgers, ^^iU the other p&?r of heavj and light chain Is hORJologous 
to those raUecS aQSlnst another mt^en. This resalts in the 
prop«rt^ of "divalsnce" i.fe., ability to bind two antigens 
siasiltsneou&ly. Such hybrids 5say, of course, also be formed using 
chimeric chairss, as set forth below* 

"Ccj-nposiU-" ii»a.;!.>-;U<!->u^ ^n;. ^^Cini; trcse ^-^e-c- ^f. Uu: hesvy asd 
itghi ;:h2ins f.-0"u; U?ose of dlfferPnl s|>ec-es orUnns ;>r 
specif icrLies, and the re-uliarrc 1; ^^uic li-ei.^' to ■>& 5 nos^-speciric 
ismmoglobuiin (N'SI), i >e.-- lacking sfi aniibcdy char^jcter-. 

"Cnimeric antibodies" y^fers to those sntibodlev- wherein one 
portion of each of tbe amino acid sequences of heavy and light 
chsifjs is h(s^iologous to corresponBing sequences In arctlbodles 
derived frpi« a particular species or belonging to a particular 
class, wh15e the reffsalnfng segment of the chains ss htwlogous to 
corresponding s^uences In another, Typicslly, in these chinieric 
antibodies, the variable region of both H^'^t and heavy chains 
missies the vsruble regions of antibodies derived frass one species 
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of insitssjaU, j^hfle the constant portions hosmlogcsus to the 
ssqusnces in antf bodies derived frosj asother. One clear advaotags 
to diliseric forms Is tiiat, for example, the vari^le regions 
car> coftvesigi^tly be derived frm presently kr)owf^ sources us lag 
S readily svsliable hybridom.^$ or 8 cells frons non h«man hast 

orQftoisms Irs coi35b1r5ct-ion >^'-;r.h cmuvtant regions derived from, for 
exmp}&, huraan cell preparations. Ktnle Use verUfois region has the 
advantage of ecse or preparatson^ and the specifldty- 1$ not 
^ffect^.G by its source, the cooGt.30t region being nuira^u is less 
likely to elicit fin irnn-uoe respoos<5 fro;;; & hurr^^n subject when the 
antlbGdiss are injected ih&n «otild the constant region from a 
non-hysaarj source* 

Hs3v«8ver, the definition Is rsijt Ussited to this particular 
example* It Includes any antibody in Vi^1d5 etfcher or both of the 
haayy OF light chains are composed of con^lrsations of sequences 
Mmicfeing tiie saquene«s in ^mtibodfes of different sources » *il?ether 
these sources bQ differing classes, differing antigen responses* or 
dlff^lfig species of oHgln and whether or net the fosioji point ts 
2Q at the yariabU-/conr;t«nt boundary. Thus, It ts possible to produce 
antiL^odies in which nsi ther the constant nor the variable region 
niirr,1c knov^n fiOtlfcody sejiiencfcis. it then becomes p<:-ssibl£;» fsr 
exaffiplfi, to construct antfoodfes i^l^ose varidble reoic-n hJis u higher 
specific affinity for a particular .^ntig^^r^, or i-'.tiose constant region 
can elicit, enhanced ctsss pi esnent fixation or to rsafce other 
Improvements in propert^e« possessed by a particular cx>nstant region, 

"Altered antibodies" sseans antibodies wfeeretfi Use aisino aeld 
sequence has been vsrtsd frm tJvat of a m^galran or other 
vertebrate antibody, 8ecause of the relevance of rscor^inant DNA 
techniqoes to thU invention, one need not he confined to 
sequences of a^^inc acids found in natural antibodies; antibodies can 
be rsdssigfjsd to obtain desired characteristics. The possible 
variations are many and range fross the dianging of iost one or & few 
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mino acids to the tompkte redesign of, for exssspk, the constant 
region. Cftaog&s m the cor^stant region wtlK >n general, sstsde In 
order to improve the c^iUiler process chfiJ~«c:t.er1stk^, sisch as 
COfspl esjsent fixatiofj, iftleraci ion with .wmbrjinf/S, t^nd or.ner- si-r5n-.ior 

S functions. Chsngu-s ir. r«e var-iaL-Kv v-e'pcn ;;e !-.-.;;df- -n order lo 
improve the snt-igea olndusg characteristics, fne aniiCiody can siso • 
be ersginesred s,o to &i6 tn? spactfi;: cilive'v of a teyic aoent 
according to t?se "iis&glc bullet" concept, Al ter^^tionSs cm be mede 
by stanriarc! recomb ifi^nt iecnisuv-ies and also by oligtmucJeolide- 

to dIrectecJ mutageneses techniQuss, (Da ibiidie-McFarlaftd, et al Proc. 
NatU Ac&d. Sci. (USA), 79:6409 (198^})« 

^Univalent antibodies" refers to aggregatiofis «h1ch cosiprlse 
heavy chain/ light chain dimer bsand to the Fc (or stem) region of a 
second hmv}' chain* Such antiDodies are specific for antigen, bat 
Nave the additional deslrsble prspertj? of tsrggtlng tissues with 
specif vc astlgenlc surfaces, ^'ithout causing its gBt?ge«1c 
effectiv-esess to be liBpaired-^-Us,, there is fis anti^ 
siodylaticin- This phenornenen and the property of univalent 
20 arstiboiJ^es ir. th55 regard is set forth ifi Sknnie, fl,0., £L£l.*» 

fet»re, 2 §5: 712(1982), Univalent antibodies have heretofore feeen 
formed proteorysis. 

"f-ab" region re?"f.-rs to vbooe po-~tiO!iS yf in*.- cr^sin,^ i'.hich are 
2S roughly equivalent^ or analoqous, t» the sequences which comprise 
the Y braficn portions of the heavy chdiJs isru-; ic tne hghi. c^t.xhi U-. 
its entirety, and which consctively (in aggre^^iitea) have beer; chovcn 
to «j5Ch1bit arsti&ody a&tlvityx "Fab prstein", v-hich proT.-?ir; i^; or<& 
of me aspects of the Invention, inchidss aggregates of one he^svy 
30 and one Hght ch&m (zom^n)^ knom as Fab*), d.$ v^ell as tf<t. .'■;<;?;?;-;; 
which correspond tc the two branch ssgfnents of the antibody Y, 
(coasnonly known a$ F(<ib)g), sfi^sthsr any of the above are 
covslently or nori-covalentlv aogregated^ so long as the aggregation 
Is capable of selectively reactlftg with a ptsrtlcsjlar antigen or 

35 
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antigen faff!r;yv Fab antibodies hfive, as have unvval^-nt ones, b^en 
forined heretofore by pr oieolysin, and shire the property of not 
e)5citinq .3nt.ig,;n "iC'duh^tio'i oji carcjet tissues, Nwever> as they 
^ccK tn£ ''effector" Fc portion they Ct^fuiot «ff«ct, for exastple, 
]jc^,is of the tfiroet ceri by ST).acro{^ia9s&. 

*fab rrotein" has siistlar subsets accordUg tts the defifiitlon of 
tkB present inventfo« as ddes ti)e gaieral tern *'ant1bo<i1es*' or 
"issmiaoglobullns". Thus, •'sas»?5Ha«" f&b prot«fn, "h^rld" Fab 
protefn '"fibtasertc" Feb ahd '^altered*' Fab pmt&in are sJeftned 
anal opus to the cor respond! og deflssltfens set forlJs in the 
previous paragraphs for tise various types of antibodies, 

Indnndual he.svy or lusfit chairis msy of coarse he **!T;c!5-!!-^a1 Ian'', 

b&cam apparent frm the cieUf led desa-iptian of the invention. It 
is possib'ls, using the te:ii::K;Uc:^ disclosed to prepcro Dther 
CQntinatic-s>s of the four-peptide chain agaregi5t6S, fees Ides these 
spscificany defined, such as h^rid antibodies contalnific dstmeric 
light md masssalian h^vy <:hains, hybrU Feb proteins containing 
chlmerle Fafa proteins §f hemy duaiss associated *?lti? isaOTallan 
I T^t crates* and so forth. 

"expression vector" includes vect^srs #?lcfi are capable of 
expressing BNA sequences contained therein. I.e., the coding 
sequences are opsrably ] Inked to othsr sequeaices capable of 
effecting their expression. It is iasplted* although not always 
sxpliuftly staid'J, -that thsse expression vectors fm%'c replicshie 
tlse nost oi^gan ^s;.:? eittsgr as episosses or is an ustegral part of 
tne chrorr!o:o;nd'; iAA. Clsarly a lack of repMcairn ; l.v ivoul-J raider 
■che-fs e-f'ffcclsvf-i y ino,:;erabie, A u-sef:;; > hui not a nec;rs?.ary, 
eieisent of an erf*;ctivs e xpr es ;i iors ve-.T.or is a n-^rker er;;;odir;^ 

se^iuefice i^e. seqoence encoding is protein which resoUs in a 

p.^senotypic property (e.g. tetracycline resistance) of the cells 
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contu^n in<j tne sjrotetri which perffoib Ujosk celU to be rgadlly 
uj*ar:lif uni. In sum, "expressu^fs v\-^ctcr~' Qlven a fonctioiial 
detin if^un, and a^iv unh sej^tjs??^?. -Ahsoh -is cjjpabie of effecting 
expressJO''! or" o specn"ir-d conUxir.ed &;-JA co-lf; is irirujd^d thir 
t-^rni, as H n <-^pplied lo the '^;xr;Hu>d ;-.ei^u«-iCi-. As at present., 
such vectors are frequently In 1M form sf pUisrrdss, thus "pUsfflid" 

the invention is lotentiad to incUide sycn oin^r fo^ms of •.;>cpr&?s i?n 
vectors wrsich serve esjulvalent fynctims s^'id whtcS? my, from tiisse to 
tms b&mm kmm in the art. 

-Rscontlnant hest cells" refers to talis whidr have been 
tr-srrsfori^d with vectors constructs?? using recsR^jmant MA 
tedinlqyes. As defined herein^ the afitifceidy or J5K>c-1fic8tiofi thereof 
produced by & r&cosbimnt host cell is by virtue of this 
trsfisforMtlsfJi rather i^m in sodj lesser amunts, or mr& 
camanly^ in such less than ds testable asjcsursts, as would be produced 
by the «i5tr8fssf orssed bost, 

■ K^iiOfu: of .>roco:>Sic3 for isc-latiof; o;" >r^lU>jdiei fVon 

intarcha!i9e.5bly to denote the source of anti&ody unless It Is 
clearly ap^cUiec otheriw-jse, Iri other words, recovery ct snt-body 
frm the "celVs* aiay 8?eafi either fross spun dcsif? whole cell s, or fron? 
the cell ctiltire cor>tainin9 both the s^diiiia m6 the suspended cello- 
s' Host Cell Cultures m0 Ve-ctors 

Ihe vectors and methods disclosed herein are suitable for use in 
nost csHs over & side range of prokaryotic m& eokarystic organ1$?!;s< 

In general » course, prokaryotes. are preferred for clonirig of 
Mk setiuences ifi constructing the vectors usefsxl in the invefitisn* 
For e>ai:ip:&, coll far: strain ?94 (ATCC ffe, 3M46) is narticiilarly 
use~^s.iL 0th s>- microbial ? trains v;hich nay be mr-<i inciud-:- F., coli 
strains %iKfi as coU 8, and /f, a))! XWh (ATTC Ho. 31537), 
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These examples are, of coirse, ir!te«ded to be fllustrative ratlser 
thm limiting. 

Prokar^tes m&y also be «s«d for e>tpress!ofi. The aforessentioned 
stra ifss, as well as E, coH M3il0 (F", prototrophic, ATTC 
No, 2732S), bacnii such as BsciUas subtil us> m4 Other 
erstgrobaeteriacese such as Salsiooella tyj:^fia«r1«m or Serratia 
5:,^£v!.?.M5.» ""-^'^ Various Psjudon»^^^^^ species mav bs mieci. 

In {genera] 5 plassnd vectc^-'s corsta-jr/irsa rtipiicor, and corttrol 
sa^L.-encos which are den'vad frcfl-; species cc-.;p5tib]& ivith the 'nt>st 
ceTs are vised In connection w;t;: the<;6 hos». The vector ordinarily 
carries arepikatlo?) site, as ^iill a$ marking sequences ^fdcb are 
capable of prork^lng phsootypic selection in transforms! cells. For 
exaaj^le, £* coll Is t)?p1caTly transformed us log pBI^3g2, a plastald 
derived fro?n gfs £, coli species (Sollvar, at al,» 8ag| g; 95 
C19?7|). p8R322 contains genes for gs^tdllm and tetracycline 
resistance ihm provides easy mesns fc^ liJeittlfytng trmnfwmd 
cells. The paR322 plasmidj or ol^er islcro&fal plasffild sjust also 
contain J, or be s^dff led to contain* pros^to^s v^ji can be used by 
thg microbial organisfi; for expression of its own proteins. Those 
proiiK^ters n5ost corij^^ynly sised In recQRfclnant ONA corsstractlon include 
this g~^icta!:k5se (pirncill inase) md lactose pro^fc-ter i:y$t!:<!;r> iChmq 

'-^ feture, 275: 615 (19/;?); Itakura, fft aU Scisna% U)56 
(i9??j; (Soeddel, et al N£;,are ?Sl; 54A (1979)) and .5 trypco!i;an 
(trp) pn-i-ioter s>'5,taji (i^oeddel, et Ntjcleic Ac ^ds Re';.. S; 4057 
(1920); tPO i^p\ piibl om&77&}. Wiile these are the iSKJSt 
GOiissoRly ijsed, 0ther stcaroyal proineters have been discovered and 
utTlized* and details concern 1ng~%e1r nucleotide seqcisitjcss have 
bBm p'jbllshed^ eaabllng a skilled worfe^ to llgat;?. tnem 
ftfnctiorsally with plssistd vectors (Slebaillst, et a'l. Cell SO; 269 

In addltiof^ to prterjates, eukar^j^tlc esli^^^ sych as yeasit 
cult#es may a1s0 be used. Sacchar<g«yces cerevlsia^e ^ or cdsSion 
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fcfika>-'s yet^st i^; the cowscsrxly used smug eukaryotk 
ni;croovi5cr,i3m<;, uU-.ho;.;<;h a number of other striiiris ave coiiifi^on Ij 
av<?i;^iblSo For- expre&CH-ip. in ,S^C£h^roffl^^^^ tne plss.^^ic Vkp7, *or 
exsmpU;, (-jtiriChcomb, el ul, feture, 39 {197?i); Kirtgsfrsan sr. s), 

co^nly u&etJ, This pUsnnd s)re5%- cofstalns the trgl gene whkh 
provtcles 6 selection marker for a jnutaot str&ixi of yeast lacking the 
ability to grw in tryptopB«rj, for example ATCC No. 440?S or PEP4--1 
^'^^^'^SS' Sej^eties, 8S : 12 Ci9??})« The presence of the trgl leslof) 
8$ 3 chapsctertsttc of the yesst hast cell gsftoa® thtn provides sb 
effective envirofiisent f or detecting tr sfisformatloji by ^owth In the 
afesei^ce sf tr jptoph as^. 

Suitable pro^t"Sng SL^qusnci-s t; ytast vectors: incluos the 
pro!i!i.t?r<, for S-ijncipriogi yctr-ste kinis^ (hlUfimin, Crt ^:LJ1?.U 
Cbei;^., 2^i: ;<0.'-3 (I9o;0)} or ccne*^ Qlyac-lytlc enxy^x^s (H--<Sf al^ 

dahydroqenase, hexokinasa, p^ruvste oecsrb&xylase, 

3-pJ?05,phoi^lyc crate sastsse, py{\;vc. j^lnasa, tr ios$phospr:Ste 
1so!S£r&&e, phosphogl iicose Isonersse, and glucokloase. In 
cor5Str«ctfeg suitable expres$ioi> plassslds, th^ terminatlorj sequaices 
associated with these gerses are also llgated into the expressish 
vector 3* of the sequefsee deslrsd to fee expressed to provftde 
polyadaoylatloft of the snRHA and terstlftattosj. Stiier prossoterSj, Which 
ha\fe t^e additional ad\farjtage of transcrlpttoft controlled by groHth 
ce«ditlo«s are the profnoter reciorss for alcohol dgh:3?drogefiase 2, 
^socytoehroBse Cj acid phosptsatase, degradatiys enxynsgs associated 
witii fn'trfSQSf! sis£5boU&}5)> and ths afors»'(t1«r!Sd gJycjiraldehyde-S- 
pnor^r^ialfr dehydrooer.ase, arsd enzvmes rr^sport:ritile fur m&]icze and 
55"; 5-:r.DGe uti I i?ai.iGr; (Holland, Ifcid,). Any plasjsjld vector 
contrjinins ysist.--;a^p^ lU-le prafjiOtfirj origin of replicatlort and 
teriiri nation sequences Is suitaiJJe^ 
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Iff addition to asicrcargariisma, cuUures of cells derived from 
multiceilular orgas^isgjs my also be u^ed as fjosts. I« pristcip^g, 
any %iid\ cell culture Is workable, vjhether fross vertebrate or 
ifsvertebrats culture. However Interest has iseerj greatest in 
vertebrate csHs, and propogatlon pf verteferste cells In cs^Uare 
(tissue culture) ba$ becoiae a routine procedure in recent years 
(Tissue Culture, todessic Fresss* iiruse and Patterson, editors 
(1373) }. Exas^les of sudJ useful host cell lines are V£ftO and HeU 
cells, Qnnese hamster c^'ary {CHO) cell lines, and HDa, SHX, C0S~7 
end ^\KX cel'i lines, Expressioa v&ctors for such ceHs ordinarily 
ificuuis (if necesSfiry) m origir) of re}>; lc;iUon > 5 pronx^ter locsted 
in front of thf= gene to be expressed, alorso with snv nece5^;firy 
ribo$ome blinding sites, SNA splice sites, polyadsfj/tation site, and 
trafiscriptlonal terminator sequeirces, 

for !j^-e in misisnal isn cells, the control functions on the 
axpression vectors are often provided i>>' viral is^terial, for 
example, coas?son1y used prenKJt^s are derived frm polyossa* 
^enmn'rus 2» and saost frequently Simiafi Virus 40 (S\f40), The early 
and 1atfi pmsscjta-s of SV40 ^flrus ire parti col arly useful because 
both are obtained easily irm tbe virws as a fra0^!ieiit which also 
contatjis the S¥40 viral csrigin of replication (Fiers, et a1, |f<n,yrfi, 
273: 113 (19?8)) incorporated herein by reference, Smaller or 
larger SV40 fragments may also be us^d, provided there is included 
the sp^oximately 250 bp sequence extending from the Hind III site 
toward the Bgl I site locoied irs iJie vin^l orroin cf r£pl i cation. 
Further, it Is ali^a pusciblc, anJ oflDO d;;Oir ixbio, tc utlii,r^r 
proiiX^ter or conti"ol <;eQuerices normally associated with the desired 
«£ne sequence, prov^oed stJCh control sequences are compatible with 
UiQ host cell sv'stejfiS* 

At! origin of replication may be i>rovided eittser by construction 
of tbe vector to Include an exogenous origin, sudj as fnay be derived 
frois SV40 or other vir^l (e.g. Polyoma, Adeno, ¥S¥, 8?V, etc) 
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ers sre «s host 



trafisfectlon if carried o^t i>y the ciUcnim rh:>ip'-.ate 



source, or m^y be provider D.y th. --..-^ : .:.'n..oso=..1 replication 
mschani&m. If t^e vector is mterdied u,to Ihe fsf^st cell 
chroajossme, the Utter is Qftm sufficient, 

U. will L^s maerstvo6 that this loveotian, slthoiigti descrljjsd 
^ hereii ir> tersns of 3 preferred M^mmi, should mt be construecS 
as IliTiited to those host celU, vectors and expression systems 
sxempTlfiesS- 

If cells without formidcblo; ct 
cells 

VjrolMv;^ ^^"'^ However, other J^sthods for inxcoiMcmq 

S^SA into cells such as riocle^r Injectiofi or by protopUst f«s1o« 
m$ also tie usso. 

If ^rcksryotic cells or celU «hicn contain sybstarttial cell 
w?^l ..r.,trucUons are us«d, the preferred tnethod of transfection is 
c^cim treatr^ent osing calcium chloricie as described by Cohen, F,N. 
et <a Proc. NatU Acad. Scl . (USA)* ^^^^ 

V8Ctor_C_oostruct1^ 
ConsVuctlon of suitable vectors contaJning th.^ ues^r^d corinc: 
a«d cofitrol sequences employ st.^ndarti ligauon t-^^cmrlqu?::.. h^niateri 
pUsffiids or DS^A fragssents are clw-vedv Uuorea, &nd r<!n9«-^'"' 
the form dasired to form the plesunds required. The .^.ethods 
emplo^'ed sre not <iependsnt on thg'BM smrc^. or Intended host, 

CleavoQs ic rv.- f--'n'i^-d by trfcatiog with re;.trv:t ion enryn-e (or 
efn'i;f?esl ?n stiU.ble .^liffer. la generaU «n-o;H. 1 vg plasnrirf or UNA 
ir»xt u .-Uh about 1 u^nt of eno'inc 1r. <ibout 20 of 
buffer s&lution. (,^Vpropriate hi^ffers and subrcrste ssnounts for 
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partictilar restrfctloo mtym% are specified fey the !!55«ufact«r&f\) 
Incofeatiofs tiipes of about J hour at 3?*C are workafelle. After 
locubat^ons, protein Is ressoved by extraction with i^hersol 
chlorsform, and the nucleic acid is recovered from the aqueous 
frsctloin Isy precipltatlGn wHth ethsnoU 

If b)-i(it efids are requiYed, the ;repar8tlcm is treatesj for 15 
minutes at 15* mth 10 mit$ of £, coH, SM Fo1j*mer«s8 I (KUnow), 
ph&«t3l~ch)or8form extracted, and ethsool precipitated. 

Tsi??^ si^p^r^lion of the cU-avej^ fragi'-erits perfor-^ki ijslnq $ 
percent polj-.^D'/uimlde gel deso^lbed by Goeddel, P., et si, ^qcjelc 
htU% Res;\ 8; 4057 (1980) Incorperated herein by reference. 

For llgatlofi, approxlmtel^ epl^lar' asisasints ef the desired 
cs)i?ip0fjsnts, suitabTy end tailored to provide correct ssatdiing sre 
treated with abo»t 10 Ufjfts T4 DNA Hgsse per 0,5 ONA, {When 
cleaved vector^s are used as compsnefsts, it my be meful to^^vmt 
reHptiors of t^se cleaved sector &y pretr-e&t^ent »1th bacterial 
alical ine i^esi^atase. } 

In the exd«-,;-iefc cigscrlbsd be]m correct llgatlofis for pUsrsid 
coristi^ijct-^on are cunf iriiied by transfontdisg E, cpl} Kl? stj-Jsin 2§4 
(AlCC 31^M(f} wiih t.iu: 1 -^s^at^.ijn »?ut.urtr. fx-cces-sful trau&fonijcnts 
w^Te selected e^.^pic ; s ; in o^- t^-iracyc1 iut- res isianc;-' «.;-pending cn 
tsuv -sodc^ f;.-' piAsmls C;j;;,^:^--..<-,". ! on, P^f/S^^ds frs/n; the trivnsf or:u;.u;iv. 
v.ere the- j^rtpcred, ^nr,ly;;!jc py restrvutjon ani-/nr setpi-zn by she 
i5k::.h.-!.-J ^'-rsrui-j, ei .^K Muc;eic A: Ids ^os., (:\=8:) or Uy the 

■iK-tuoJ of M-S5;s, s't aU fethO'ds m F-fizysalagy, ^&:^99 (1980). 

The first type of a.ntibody ^hid\ forms a part of this Iriyention, 
dfid is preijsred fey tl?e retftods thereaf, fs "saafssal Ian sttti body** -one 
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mfirevsi ti?a heavy and nqhl Dia>r:s m\mc thi; a;T;?no acid seqaefic&s of 

either jf: -jitu or when fused with dt\ U'.mart&l iised ceil part of" a 
hybr idofiic cuKurg. la outline, these antibodies are pr{5<1uced as 

Hessengsr RNA coding for rseavy or light chain H 1soUte«J from a 
suitable soarm^ mthar mstisre B cslls m a h^ridoina cultyre> 
esr^loiHig standard tedmiquss of R^A tstslatioii, and the tsse of 
ollgo-dl cellulsse chrofnatography to segregate the poly-A inRS^A. . 
The poljf-A siRNA ^nay, f urthert fee frsctienated to obtalrs seQweoees of 
sufficient size to code for the amino &cU sequences m the ligfitt or 
heavy d5airj of the desired afjtifeody as the case ssay be> 

A cL^i-IA Hisrsry is then frepared fros; the n^lxture of tr^Hh using a 

hypo tees 1.760 arso syrsthesixad oa&sc on ine amuio acid sequence &f the 
;;nt-;boc;.y t'-.f- ^:i\}isenc'- \-: kno^n. In the .site- ncr-^ve cD^<A fro» 
urvfractionatee po1y~A NilNA trom a cell 1 •ioc producing th& d&sirsd 
antiboav or poly-dT my also fee used. The rsssiltifsg cDNA H 
optknarsv 5i2e frsctlorsated on polyacryl aside ^1 and tnsr. extsrtded 
vjUh» for exair>pl&j dC resldises for anneaHng mth pBRZZZ or ether 
ssiitable cSonlog vector ^^ith has been cleaved by a saitable 
restriction enzyKSj such as ?st I, and extended with dS reslt^es. 
Alternative fissans of forming cloning vectors containing the eOS^A 
using other tails sod other cloning vector resnamder may, of course* 
slso be tssed but the foregolog is a standard tind preferable choice, 
A suitable hi.>5;i cell strain, typically t, coH^, is tra>tsforffisd ^^-ith 
thiv u"i?!e.;U:U cion-inc; vectors, ^mi the successful trsftsforr-^jiti 
ida'.ln"-l'^u by meaos of, for sxt^mplej tetracycline resistance or 
crhe; pha-ftotypU- characteristic residing on the cloning vector 



Successful trsrisfonsants are pici^ii trarssferred to 
jnicrotiter dishes or other support for further growth and 
proservfitlon. Ij'Hrocetlulose filter mprints of the?;e growing 
CiiHuribs are th&n prohM mth suitable nucleotide sequences 

;5 oontalnts^g bsses known to be cossi&lemefttsry to desired sequences In 
xhe cDNA. Sf;'ver,^l t^v'pg=s of probe may be used, preferably svnthc-tlc 
si;^gU> .stranded DNA sequooces Isheled hy kioasljsa wi'th AT?''^^. The 
ce"SH fixed tc Che nitrocellulose hltt=r «rc lysed, ti^e DMA 
den«tureil, sn:; then f-Jxed before rt^HCticn vfith <ir;,^sed t^rob;?. 

1P Ckfnes wntch siiccessfully hy-Drfdi^e fire d<-4t>ct«r;. oonrart wfth s 
ph<-^top1?.t'j, then plermuis from ine growius colofues isolated a>'5d 
r-eqsienced by fHe^mi. t r-ovrs if f-e a-^t to verif.^ that the desired 
portions of the .^r<- pre<:'vrst. 

The desired gens f rrjgttsents. are excised and tailored to assure 
appropriate reading frame wfth the control segrsefsts wben inserted 
into suitable exf^resston vectors, Typfca11y» nudeotides are added 
txs the S' ejsd to tsclude & start sfgnaT and a ssltably positioned 
res tri etfon endonucl ease s I te. 

Tne tailored geoe s^qs^ence is then pos^ttoj'ed in a vector which 
contain*; a Xix\wt& in reec '^<^ ^rme ^it*^ z\? >'i^e ^nd r<^— r- fole 
isxt>. ::;h«' orop>"td host c*-"'"' A mmh r rf nhs uh ^ ' s p 

s I. \ ^ ^ t i » (>t,propr 5 AO proiijotci. co^itrol '■Ov'uenLeSj 
' c >. ^du '-iti.N, ?nd transcription tenrinstion <iites, as «en 

. * rsfl^^ s 

30 |p -he ^ e^o) ). "vt-n; ofi tnt, <,l'h> icdutj ft) -h h !t ! 
vTd thvt coding for the heavy chain are recovered separately fey the 
Pioccdiires outlined abovex Thus they jsay fee Inserted into ^^eparato 
e^o»esi>)on plas'sic^^, f^seth<.r in the sasse plasnd, so lung 
each IS under suitable sro?noter mm translatvon corvtroU 
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The sjcpresslors vectors costs iructed above are then to 
tr snsforsi suUable cells. The light heavy chains sssy fee 
trsfisf'orssed Into separate cell cultures, eUber of the same of 
differing species; separate pUsailds for Hght and heavy chain m&y 
fee used to co-transform a single cell coltufe* of* flnslly, « single 
exprgsslon plasffild corstalfilrsg both gerses ar^d capable of expressing 
the genes for both 1 1 ^.t and heavy chaiR ssay be transf oresd into a 
sinfle cell culture, 

ReQsrdiess oi" whlcn of the three for&aov^g options is a-osesi, 
the ciAls are grown under conditions approprij;t£ to the production 
of the desired protein. Sutfs cofJdltions are primarily jsaridatsd by 
the type of promoter and control systesis y$ed In the expression 
vector^ rather than by the fjsture of the desired protein. The 
prtiitein thus produced is then recosfered from the cell culture by 
ffietho<Ss knmn in the art, but choice of shicn Is necessarily 
deperident on the forrs in whle^ t^e protels Is expressed. For 
e^affipls* ^t is coiron for rsature heterologous proteins expressed in 

coH to be aeposlted mthin t^je cells m Insoluble prtioles 
which fsj^ulre ceil lysis and soliBtliKatlon In denatorant to permit 
recovery. Gn the ottier h and * proteins under proper synthesis 
c1r£05ii&t.5Rces» In yeast and b-uctsrial strains, can be secreted Into 
the sisdlum (yeast and graii- positive bacteria} or into the 
psrisjl asniic spacs (ar-cn; negative biittsriu) cl lowing recovery by less 
drastic procedures. Tissue culture cells <5S ri&sts ^Isc- sppsar^ fn 
9sner«], to permit reasonably facile recovery of heterologous 
proteins X 

Vhsn heavy and li^t chain ss*e coexpressed In the same host, the 
isolation ps:"ocgdjaf*g Is; ae^i^ned so as to recover recohsti toted 
antibody, this can be accompl ished is v ttrp as described belos, or 
sslgJit he possible j|l:Xivo in a islcroorganfsm ^<^1 ch secretes the IgS 
chains oat of tbe redpcihg p^^ cytopl asfn. h mr& 

de tatted description Is givers In 0.2^ fallow. 
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^-2 Ch^j^i ^'^"^^ 

Tte ability of the snethod of the Inyestion to prtxSuce heavy a«d 
light d>6irs& or portions thereof, in Isolatiws from each otHer 
offers the opportunity to obtairs uolique unprecedented §ssss8b1?es 
of maufioglobiilm, f&b regiw$, ^ti imlvaletst aRtlbodies« SfJCh 
preparations rfitjwirg the use of technlquss to reasssj^le Isolated 
dialfis. Such m&m& are known in t^e srt, ?!n{3 H thus, 
appropriate to rmim tkm l^ere, 

While single chain disulfide bond contairshig i)rf.ra=^ ins h^ve bee^ 
reduced end recxidized to refjenerct^ 1?- hid^ yield native r.trufctiire 
ajid act ivuy (rreedffsan, R,S., et s.]^. ^ J'; Jit 
Tran«!3t ional i^dlf i cat: -on of Protg-^ns, I: Acaderr^ic 
Pr-tst, ti'i\)^ proteins which consist of dlsconr-lnuous |x>]yKn>tide 
chiihis held togetbs-r by disulfide bofjdx ars? !?»re difficult, to 
re;:o>;stf\;ci. Jil Hil-L?. ^^^^^ redyctive clsavsge, hisul un a c-an-seo 
C:^<;f:, fK-n received much experimental attotiso over the yesrs^ and 
csn fio\v be reconstructecf SO efficlentHy tfsat m industri&l process 
has t>e£n baUt sr-ound it (Chance, R.£,, itll*, In Peptidest 
r'ro cegdir.gs of ;ffle S^^ ^^ Mnijal terjc^^^^^^ (Rl ch, 

D.H. and &ros$. eds.) 721~?28» f'lerce Chesslcal Co., Bockford, 

II, imuh 

Issssunogl obwlln ha& proved & mr^ dlfflojit problem than 
trssiilln. The tetrasiier Is stabllixed intra and Inlermol ocularly by 
15 or sTsnre disulfide i^cxids. It hm been possible to recoiiji^ine heavy 
5fid iighl &uxir\i, disrupted by cleavfiqe of only th*/ intercbain 
dij>uirides, to regAin entibo-JY aclivity even vntnoui: restorstiDO of 
tlse inter-ch^i'! disulfidsii ( td&b-?u?f!, C-.H< , yiaK, i:rfx : i^^f K ^^^^^ 

-^^-^ {1953}}, J'i audition, «ciive frts^merav: of Iqb 

foriTied by proteoly-: iv; (fab fragments of -SO^OOO mj csn be split 
Into ti-;slr felly redi>xed heavy s^aln and lic^t cha'^; comp'Ofjents -sad 
fairly sfficlgr.tly r£:C£snstriicted to give active arstii)Ody {Heber, ^ 
P roc. NatK Acad. Scu (USA) 52: 1099 (1964); Whitney, PA., 
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j^-- !:::?>gjJjg t1.^ Aca<j. $c1. {USA) 53: {1965)), Attmpt^ to 
reconstilutsj active g!it1l>ocly from ftflly redyced native IgG fsav$ been 
largeiv u'^stiLCi^ssfuK presumahly due to f nsolu-blHty of the rediiced 
(Mini an-i of skl^^ pro-iucts or fntensedfat^s In th^ refolding 
pat^■ft^lv {su^e discussion In Free^-Tsan, M,H,, et aK, J, 8ioK Chess, 

isiodlflerf bx p&ly.5Ur!yUt.ion of f t:^ ly^irses before complete 
rediictfcn, the s-^psrated chains have t.r.e ob-nuy to recover 
£ntfgef:~co;nb1n;'«a activity i-pon n-=c-< {ic-id}. 

A particularly suitable nsethod for Um-.amficbulir. recoustft^jtion 
Is derivable from the now classical iRsultn fecombi nation studies, 
wf?er&iR startJsg rsaten'sl was pr^psm^ by oxidative, sulff tolysls, 
thu$ seneratlns thlel-Ubile S-sulfonate groups at all t:nteim&in 
IM protein, Ron-redssttvely breaking dfsiilftdes iCh^rice et ali, 
(supra)). Oxidative sulfltolysis is a 4HulfUe cleavage 
reaction {Neans. fi,E-, et al ., ChesicfiH^d^ 
Holden-S^y, San Francisco iWin which isWtlmss isore gentle* 
than reduction, and which generates derivatives which sre stable 
until exposed to sn'ld red«cl?)9 agent at which tiijje dlsulfliHe 
reformgti&n can occur via tfnol -disulfide ifsterchangs. tn the 
present inventior- tn? heavy and light ch<-j1n S^-suHoristcs ^^^(ir&U?ti 
by cxidstive su;ntolys^s v^-j-re recc-nstirL<ted atilir^^.g both air 
oxidation thioV-disuifido irrterch5m^.> to driv.. disulfide bond 
fonnrition. The ec-ncr^l y.-ocedur- forth in detail If, U.S. 

Serial Uo. 45Jr filed Bsc, 198? im hppln. Uo. 
B3.307S40,S), ificersorated herein hy r-gferenee. 

Using the tgchnlquss described in paragr^iphTZl and 
additional operations *^h1ch were utilised to gain efficient ' 
prodijctiofi of Malian antlbcs^y can be van>d in quite 
straightforward and sissple ways to produce a great variety o, 



m^ific&Xims of It* Is feasle antibody' fom. These varlatiMs sre 
inherent in the tsse of recosfelnant technology, which permits 
imdlflcatlon at a genetic level of mAm acid sequences is nomelly 
encountered maassa51a« Ifsmsnoglc^ul In tisalns, ao<S the great posvsr of 
this approach Has tn Its ability to achieve these varletlcms, as 
w«n ss In it;> potential for economic and specific production of 
desired scisrcej ^nd often con lass ina ted, 5?,o1ecuies. The variations 
5i50 inhere In the abtlity to Isolate production of ifjdividual 
chains* «fid t^tjs a^eate novel ssse^lies, 

ge.-xwuc, ;5o-.er)Al in the prucess of cfvinstniction af exp^-esslon 
veciorv., ^uch rscoostrycttsn can be manipulated to pt^oduce nssd 
codino seqii&nce& for the components of "natural" antibodies or 
IsiEaannQldjaltns. As dlsc^jssed in further detail belw, the coding 
sequence for a ti?si?aa1ian heavy dialn may not fee derived entirely 
froK! a single source or single secies* Mt portions nf a seq«snce 
Ga« be recovered by tlse techniqijss described in Oil frosi differing 
pools of ssRSA, such as issurine^isrlns hybridesaas, husnan-mtsrlne 
h>*ridOf'sas, ar 6 cells differentiated In response to a series of 
aotigsn chsllences, Th? desired portions of the sequences In esch 
CASS iTsn be recovered nsifiQ Uie yrobe and analysis technique-!:, 
dsscr lilies In D.l> and reoo;sl!KK-:c' an iuy.prs&sion vector using the 
ss.'tie iUit5tion prf=c:edur£-s c;^ would l>e e:r;|,!l oyr;d for portions O"?' the 
sasre fix>dei scqs-iC-nce, $;jch chi;T>,vric cnalns can be consu-ucted of ar.y 
deslrsd length; hsuiiOs for e>?,:"ple, o Cusi!plet& hesvy chain can be 
construcied, or only sequence for the Fab region therajf. 

The additional area of flexdVlty *»1^ich arises from the use of 
recossblngot techniques resylts frofn the power to produce heavy and 
llgM chains or fragfaents thereof in sepfarate cultures or of unique 
cos^mations of heavy and H^t dialn in the sass culture, and to 
prevent, reconstttution of tite antibody or 1fn8!unogld>uHn aggregation 
until t^te suitable components are assefttled. Thus, ^rtn'le normal 
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antlbod;- sroduciiori resy'fts iiiitomatkany in the fonjiatlofj of 
"mam?.))^ ^nrlin-.rfun-" bf■au;^:^^ thi n^t and hs?.vy chain portioi^s 
ars constructed in response to a psnicuUr determinant In the same 
cell, the fiietiiods of the preserit ;nv&')t1on pr«.ise«t tne opporti^nity 
to assfiiifele sntlrel^' mxtures. Somewhat hnvitcd quantit ies -r;T" 
"b^rld" sntlS>sd1&s have been prodsjiced by "qtiadrcMisas" l.e,, fusions 
of two h^'fendoa?a cell cultures mch perMt rsrsdom asseu^lles of ihe . 
heav^ gnd 11#?t chgins so produced. 

The j>resstt isverttlon permits a snore control lecf assessbty of 
dssired chains, sitter by mixing tfse destr&d chains k vjtro, or by 
transforrrdng the same culture with the coding sequences for the 
desired cn-ains. 

The foregoing procediire, wfncn describes in det^U the 
reco:s;«inarit prod-j-tion of fnammsl la^i antibodi^'s is e^ploy;-.<d wi th some 
ffiDdificstions to construct tha reiiiaining types of dr^tibodies or ?iSrs 
enco^-pavseo by the present invention. To preparir tne pjjrticular 
e!r;o'ui^i!s»:a of composite nor^-speclfic InxnonoQi obuHn wh &r©1fv the 
hoiisDlogy of Uie chains corresponds to t.be sequsnces of 
Ifisssiinoglobullfls of diffarent specificities, it Is of course, on)y 
necessary' to prepare the heavy asd light chalks In separate cultures 
and ressse^le them as desired. 

For example, in order to m^ke an anti-CEA light chsin/anti- 
hepatitis heavy chain composite antlbodly* a suitable source fat the 
v-RHk useo as a template for the 11§ht chain clone wo^ld co«i^risey 
for instance, the antl C£A produc'lng cell li«e Of para^aph £.1, 
The mRNA corrsspondifK: to heavy ohsift would bs derived fron; [< cells 
rai;i?d In response to hepatitis; infection or froin hybrldor-vt in which 
the 8 cell was of this origin. It Is clear that such cofi^positfc-s csn 
ba asserrbled using the HiCthods of the- ioventicn elniDst si. will, end 
are limited QXi\}' by available sources of KiRNA syl table for use as 
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r.e;npi^-.es for the respective dislrss,. All other features of the 
process are similar to tbost; described above. 

Hybrid f^r;tit!oriies ar^r particul^^rl v use^'^l t-sev sre capaoie of 
simultaneous reaction with more thar) one antigen. Pairs of heavy 
855d Ucsu chalos corresponding to chains of sntibcsdies for different 
aatlgerss, such as tho%Q set forth in psrsgraph 0,4 are prepsrea in 
four separate cultures, thus i^eversting pfesaturs a&saitjly ef the 
tetra^er. Stibseq«ent siixtng of the four separately prepared 
peptides tii&n permits as$«ii)ly into the desired tetrassers, ^blle 
rAnmm aggr&gatlsm my iMd to the forma tl0!> of cemslderable 
urjdeslred prodyct, tbatt portlor? of the F'odact in horsologous 
light and heavy chalks are boursd to each other and mlsi^tdjed to 
another pair gives the desired h^rld antibody, 

0,6 Chimeric Antibodies 

For constrsiCtion of c:hiiT!f;ric antibodies (s^'herein, for exafsple, 
the V5n',3blc soqi-iQiKCS ire sopa-atoly deffv^^d from tiiC constant 
seauf^nces) t?;c procodi.;res of paragraph D,i ir,<i 0.2 are agsln 
app'ilcitble w1U5 appropriate cdditions and edifications, A 
preferred procedure Is to pecov*er desired portions of the genes 
encoding for parts; of t^?e heavy and Hg^it chains frssi sultable^ 
differing^ sources and then to rellgate these fra^nts using 
restriction endonud esses to reconstruct the geoe coding for each 
dvain. 

For example. In a particularly preferred chhseric constrs/ction, 
portions of the heavy chain §ete '^d of tJ^e li^t chain gene vshidi 
encode the variable sequercces of antitmdies prodiicpd by a murine 
hyijridoii.a culturo ir- rr-.oyered and cJofied froffl tbis culture and 
ociis frv.5q.Tienl5 8!!:;odi;v;; r.ha- constant rogions uf the heavy ;in4 i\c^\i 
ona-jn:": for human nnt^bodies rocovered anc clcs'U^d frof:., far e'^-:im'^}e.f 
hoMii ssyeloiaa cells, Suitshle restriction enzymes may then be used 
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Id 1i§st8 the verialjle por|lons of the mum constant 
regions of tb^ mmn gerss for mth of tiie two astns. The chl!?sgrtc 
chains are pro<s«ce?l as set fgrtii in 9.1, sggrefafeesl as set fam m 
D>2 4n«3 u S8<S vi^ the $sm xrnmer 4$ the rjon-chisjerie forsss. Of 
cmnt^ spyee poiot in th& c^slris can b^;; etscsen. 

^''^ Altered Mtliiiodies 

AU.er€'d «raibod1s'S ps^esent, in S'S^esr.ce, «n extent, u>n cf chimsrk 
ones. A^jsin, the techniques of r>.l «nd D.2 are app] Icabl e; how(;ve\ 
r.^t.h.vr ihcp splicing portions of the ch.iiiiis), suitable amino ascid 
^itr- -^.luiiv:, d-ifctions or additions are nv.-'J-- -^s^^ng sv'-jnsble 
tcciiriiqucc ;-i!Ch rrtitagenes is ('Aupra). Hir example, genes whids 
encode a!!tiL-oJies having dif:-;in -shsiS cai^p^ement fixation properties, 
or whicn havg enhanced J5w.tdi fcindiog cspacUles are prepared using 
such techniques. The latter type m^y, for example, taka advsf^tsge 
of the known Q&nt. sequence encooln^ metalotnlonein H (Karin, M., 
et Nature, 299; 791 (i9S2))> The cheUtisig properties of this 
isolecular fragment are useful in carryiftg heavy n>et&U to tumor 
Sites as an sid in twmor issaglng {Scheiribsi-s, D,A., et al.,. Science, 

2 IS J IS am} . 

^' S Mi*^ gnt feitlb odies; 

In another preferreri embodimefit. antibodies sn* formeo xmlch 
cossprlse one heavy and Hght dialn pair coupled vr-th the Fc region 
of ii tnird {heavy) ciss^n, These antibodies h&ve h particuUf'ly 
useful properiv, ihey ci^n, like ordlnar.) ari^bD;-; ies . i-f- used v.o 
tarsei «ntiosntc. st^rfiices of tissues, such as tabors, but, uiiUke 
orcinar> r;intK5;>dies» thgy d« not cause the antigenic surfaces of tJis 
tjirget tissue to retrest and beM non-recsptlye. Ordinary 
antibody use ressiUs In aggreaatlon and subsequent inactlvatlon, for 
se^y'sreV hoiirs, of such surface antigens. 

The ?n£tho<i of construction of univalent antibodies is a 
strsiptforward application of tne ifivantlon, the gane for heavy 
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dials of the desired fc r^^on is cleaved hy restriction eo^^sses, 
m6 only that portSoft codlog for the deslrs?^ fc region expre&secf, 
Ihis portion Is thBtx b&m4 using l^e techi^tqye of dj. to separately 
prod-.>ce<l hesvy chain the desired pairs separated from heavy/he^vy 
and Fc/Fc coiifelrsatiois, md sepirately produced It^t dialrt added. 
Prs~bind1ng of the two heavy chain portions fhfi$ dtmittlshes the 
prcfesbillty of forms tidn of ordtaary afjtlbodyx 

0,3 Fob 'v-t' 

SimiUrly, U Is uot necessary to fnclude the entire geris for 

b& siip?ri;iipciseii &n 3 procedure for fab protssr; prodticcion tnd the 
overall procedure dIffe'S orsly ixi that that portion of the heavy 
chain coding for tiie amno terminal 220 assino acids H en^ploygd in 
the appropriate exfression \fector. 

S pecif ic Examples of Pref err 

lise Ifiventloo has bmn described above in general terms an<i 
thwe follow several specific examples of es&odlments #!ich set 
forth detgils of eisperii^ntal procedure in producing the desired 
antibodies. ExasspU lA sets forth the giSJeral procedure for 
preparing anti CEA antibo<3y componeots, 1,e. for a "mairi^alian 
sntibody'\ LXtWsplfi H >! ^ ^) p dure * s-*-)* ^ o 

and thus U- cppl iCdbif; tj l iri^-*' it r^i \ i^v^ * 

nybrid ^nd ciM;i!.i;ric i»ii i 1 i < "o p en 
a.'?tibodie&. Example t,^ ssgts xurin me prt w. > 1' n 1 
hesvy or n'yht ch^lr. so t.as. t* vi.r t.*>1 j «. i ■>'^ fio \ 
be derived from different sources, '^>a!*p t.*= >=■ t< K 
B^ethod of obtaining a shorteneo Beavy «>aw nerc si vdiKi^ p r h 
prndisctioni of the Fab regions md \ti m ^alo^ous tmncr fc regtso. 

The exa55iple$ set forth oelow are tnclisoed for illustrstlve 
purp&ses a«d do not llsiit tte scope o* the -invention. 
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£4 Construction of Escpression Vecto?^s fgyJi^J l^g^ 
Antibody Chair^s and Peptide 5y?it»j&s1s 

Carciftoensbryonlc antigen iClA) Is associated with the surface of 
certain tmor tells of bumn origin IGold, et al., Med., 
122: 467 (IS&S)). Antibodies which bind to CEA {anti-C£A aritl- 
bodi&s) ar« useful in early detection of these tmor& {V^n Nagell, 
^'^♦> ®i2l'> {19805), and have the potential 

for lise in treat^esit of those hamn tumrs which appear to support 
C£A at their surfaces. A mn%s hybridcmd, cell line which sscret&s 
antl-CEA af3t1bo<^ies of the class, CDV65-E3» hss been prepared 
as Ascribed by Magener, C. et si-, i;„JiE:^.n£l* Ir.-?.* 2308 (1583) which 
is incorporated herein by reference, .a!Ki wss u-sed s.-> n)R>.'A source. The 
prociuctlon of anti CEA antibodies by this c*';! Vine was dstennln-^d. 
The H-terin-ins'i sfjquences of tnc- «ntibod!?x -.raJi-cc-J by these cs-lU 
was ccj;!p<Jred with those of siionoclonai anti CLA a$ follows. f'uHffes 
IgG was treutei vn'th PCAse (Podell, IkU., et aL, Bic-chep. Biopfivs. 
Res. Cossiuin. Bl^i 176 (1S78)), as>d then dis<;oc1«ted In 6H gucnldirie 
hydrochloride, 10 mM, 2-^ercaptoethanol fKO jng of Imunoglobulln, $ 
sin, lOO'C water hathK The dissociated chains were separated on a 
iJgters Associates a1ky1 phes^l coluBsn uslsg s lifjear gradient frcss 
100 percent A (0x1 percent TFA-water) to 9D percent 8 {TFA/Hg0/HeCN 
0,l/9.S/90) St a flow rate of O.S m\/min. Three nsajor peaks were 
elyted a«d analyxed on SDS gels by silver stainiftg- "^he first tm 
peaks were pare light chain CHW 2S,Q0Q daltons)* the third peak 
showed a C?j3) slxttfre of heavy and light chain, i.2 nsjoles of light 
chalo were sequenced by the method of Sh1vely> O.Ex, Methods in 
En^yssalogy, 31 (1981), v1th ar? NHg-tendnal yield of O.'l 
nmoles^ A isixturs of heavy ajsd 1-ight chains (3 nsoies) m% also 
sequenced, and sequence' of Hght chsin wsd da-ducted fros? the doohle 
seoiience to yield the soc^uence of the hs.rv'v ch^in. 

If: thfc deicripiion which follows, isoUtlOii and c-xpressiofi of the 
gen'vs for the heavy m6 11«ht ch3lns for anti Cf.A antibody produced 
by CEA.66~f.3 sre described. As the constant regiorss of these chains 
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belong tt> the gass^i^^ anr. kdL^;:5 u^^il r*-.specisve1y, ''Ifght chsKs" 
sf?d "kappa cnaif;", arid "heav} chijn" "ga^JssA chstn*, 
retipeclively, used ijstercnang5.-ab:-y lh'Uw. 

^ * ^" ^ X^Qlatfgr. of Hes&&?}ggr RNA for Antf C£A t1gi»t and Heayy 

Total R«A frm cells *#8& extracted essentially as 

reported by Lynch et al, Virology, 98: gSi {19?9K CslH were 
pelleted by centrl fugation and approxfisateljf 1 g portions of ps1 1«t 
resuspended in 10 ml of ID 3bH feCl, 10 ssH Tns KC1 (pH ?.4), US ssH 
MgCI^. Tii« resmspended cells v^ere Ijsed fey addition of non-iontc 
detergent HP-40 to a fifjsl concentration of X percent, and Mclef 
rifsoved by centrf fs/getlonv After addttios of SPS CpH 7.4) to 1 
pers-ent final concentration, the sypernatant was extracted twice 
with 3 isl portions of phmol (redisti11ed}/chlorofc>rB?: ^somnyl 
alcohol at The aqueous phass i«a<; n>k ;\? in ^aCl gnd 

total RMA was prcclpitatsd by eddttion of t.^ . - • IOC pOTxe^it 
ethanol and overnight storage at ~?.0%. kficr c^rar i ri;c,5ti on, polyA 

ms pun fled frcn? lotsl Rs^A »y oltgo-dT cellulose- 
chromatography ss described by Aviv and leder, ?J^sc^_Mat^K_A£ad, 
l^-kJ.i§il. 1408 iiS7g). UZ sig of polyA ssRNA was obtained 
frojii 1 g cells* 

PUsisids with Heavy and Light DNA Sej^tience Inserts 
5 of the unfractlonated polyA ssRNA prepared In paragraph 
tAA ms mei as tesipUte for ollgo~dT pHssed preparation of 
double-stranded (ds) cDM by staiidanl prcjcedares as described by 
(^oeddel et 31., Nature 281; 544 Cl9?S) and Mlcfcenss et aU, i^^JlEL 
?.^:.v!?.>„ 2483 {i§78} Incorporated heroism by reference. The cdM 

«as size frrictfonated by S percent pclyacryl amide u^A 
e1ectrophore<,l5 asvd 124 ng of ds cO^A greater than £00 base psirs ip. 
length was recovered !>,y eU^trofiltstlen* A go ng portion of ds cSMA 
was extended v<itb deoxy C residiies usim temlnal deoxynucleotHvl 



tt-snsferass descriised in Chang et si,, NaUrg 617 Cl9?g) 
uscorporated tierel?^ b>' reference^ snd ar3s>ealed with 20Q of the 
plssmld pmZ22 {Bolivar gt sK, Gene 2: 9S (1377)) whicK had beeo 
cleaved with ?%i I &ni tatled with deoxy G. Each dfinealed B?httura 
was iii??n trensfcrnisd kto L coll K12 str-ain 294 {ATCC m. 3]44S)^ 
A.pproximatel y 8500 atfipicllnn sensitive, tetracyclwe resistant 
trans form ants were obtelned, 

£,1.3 Preparation of Syr.tj-iecic Pro&es 

ssqu&nce ef aonstant region for ,r.ou?e M(FC\?I kappa ciialn which 
beglrss basepslrs 3' of the variable region DNA s^s^arjce was used 
as kappa chslo probe. A 15 iser, S' SACCAGGCATCCaG 3% 
compl a^ientsry t» a codifig sequence located ?2 basepalrs 3* csf the 
variable region ONA sequence for i«ouse H0PC2i gassna chalri was used 
to proae §8ssna chain gene. 

8&t^ probes were s^fnthesized hy the pi^ospnotries t«r jsethod 
described in Germars Offenlegungschrlft 2644432, iiicorporated herein 
by reference^ $rsd made radioactive by kUu^slJ^g 5s folsC'^s; 2S0 
of deoxyoligonucleotide were con^nfisvd in 25 i.l of 6D f^.''' Tris HC1 

p&ly:n:C!eot5dft kinase were, added jund the resctjon wtss allowed to 
proceed at 3?*C for 30 fiilfiutes Sfjd terisinatgd by addition of EDTA to 

► 1 . 4 Screening of Colony y.brary for Kappa or & «55£..C n fJ^J. 
Sequences 

-HJOO colonies prepared; as described in paratsraph £-1*2 were 
Individually inocyl8te<S into wells of ssicrotUre dishes containing 
LB (Miller, Experiiisents In Molecular Ssnetics, p. ^31-3, Cold Spring 
Harbor Ub,, Cold Spring Harbor, nm York {im}) + S u9/Jnl 
tetracycline and stored at ~20*C after addition of D«SD to 7 
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pi>ra='st. h'id^v'tduol colonies from this library were trsssfsrred to 
G.4'lk\5U- of khleicher and Schuell eA85/?0 BUrocelUaoss 
niten?, «nc; crcvn on acer pl^tm cm\Umin<) 18 + 5 jsg/rsl 
terracycl ine. AfU- he.--? e-T-'tf -xt ^yV t-,.- coloriv filters 
wert' trcnsfe^-red .u- ;ok~,fK: a: n -.g/ssl t^racycltoe 

0<NA fror, e?.ch colony wss then dsnaiisred a^id ftyed to the filter 
by ii fnodificctjor? of ttw Gruoste1r>-4LXsn£-s<; p-r-re6jre as ^■^^s-ribg'j? in 
SrtjTsstelrs et aU» Proc, jfetK A cad. .^c1, (Ig-i .-s-V; (I'P-x^;, 
incorporated herein by referefice« tach fUt>:T was no,ued fur 3 
minutes on 0,S N NaOH, 1.5 H N^l to l)?&s the colorsles and toature 
the Drm then ae«tra1l2af by floating for 15 mmU% on 3 H NgCI, 0,5 
H Tr-fs HCl (pH 7.5)« The f1 Hers were then floated for an 
sodltUinal 15 silnutes on 2X$SC, and subsequently bsked for 1 hoars 
in an 85*0 vacuusi wen. The filters «ere prehybrfdi^ed for -2 hoars 
at ror>rr^ r-smpsrainre In 0,$ n KaCI, IX Oeshardts, 100 ssH Tris HCl (pH 
?,5), 5 siM Na~£0TA, 1 s!f-4 ATP, i H sodium |3hosphate (dtbasic), I m 
sodium pyrop-hcssphdie, O.S percerst *Nf~40, and ?O0 ag/n?! £. cgU^ 
t-v-ji^iA, crsci nyb'-idised In the sam*- solution overrnghx. essentially as 
«^scr1sed £t^|. ?yJeH, ^ oids :^Si^5r-L?i 9; H?9 {1981} 

using -C^xlO'"'' cpij} of either the k>ndsed k<xppd or gSBK^a proDe 
oescrihed abwe. 

After f yv*nsive washing &t in 6X SSC» 0.1 percent SI^, ths 
filters wer?- exposed to Kodak ^-5 X-ray film with DsiPont 
UofjtRtoQ-plus ^ntsosifylng screens for 16-24 hours e.t --^fc. 
Approxlajately £0 colanes i*>hich hi'brldlsed mm kappa Kiium probe 
and 20 v«Nich hybridised with gasma d>8ln fr(3l)e were ch^acterued. 

^- ' ^ - S Char&cter uat ion of Colonies which Hyhrldi^s to Kappa 
p m Sequence f^ro&e 

Piasniid Oi^As jsQUtg-si froia several different trgnsformants ^Ich 
^!yLMMdijeo to k<ippa cham probe were cleaved with Pst I and 
frfi.cuo)ialed by polygcryl^lde gel electrophoresis {PAG£K This 



analysis demonstrated that a nun^er of pUsssid DNAs corsteli^ed cDf^A 
inserts Urgs enough to encode faU length kappa chsln. The 
cofsplete nuclecjtlde sequence of the cDNA Insert of one of these 
pUsjslds WS& deterBilfied by the d^deoxynucleotide chaw termirsat^on 
«thoc: a& described by Sjsm, Methods gnz^ymoK 6$> S60 (iSaO| 
l!>ccrporcled hsreij-^ by referersce sfter subcloning restrfctloo 
er>doriUc)e55e cleavage fragments snto MX3 vectors (Hsssing et 
Nvicleic Ac^ds Research 5; 309 (19S1)» ngure Z shows the riucleotide 
sequefK?.- of the cDJ'SA ^-v,:.-; 0: .>.:;■;: .-.nd Figure 3 shows Wis gerie 
sequence witn the correipi^tunn;; .v;5ifio acid sequence. Thus, the 
sni-^ri- cGdino region of friouse antv-CIA kapp.^! cnajn was isolated m 

chain, deduced from the nycleotjde sequence of the pKl7m cMh 
Insert, corresponds perfectly wUn u)e fvr&t S3 h-terjrj^na; amino 
acids of ssturf? si^ouse arai-CtA kapp& c^unn as deiern;in£d by amino 
ac5d se{;yence analyse of purified n-oyse aoti~C£A kapps ch«in< The 
coding regiofs of |>Ki7e4 contains 27 basepairs or 3 assino acids of 
the presequeiica and 642 basepairs or 214 amiriD acids of the mature 
protefft. The mature unglycosylated proteirs (Hh! 24,553} has a 
vgrlafele reglsn of 119 m\nQ acids, including the Jl joinifsg regio?! 
of 12 asslno acuis, and & constant region of 107 mim licUs, After 
the stop codoi! baninU amim acid 215 begins £12 basgpairs; of 3' 
untranslated sequence up to the polyA addition. The kappa chain 
probe -issd to identify pK;i?S4 h^ridlzes to nucleotides 3?4~388 
(figure 2). 

Chai-^cteri^«i:ion of Coloines ><ihich_Ji>'Dric;iie to Gci;a"« i 
DfjA Probe 

Pissntkl iiiih isolated iroiu several transformfirsts positive fof^ 
hybriduatlon mth the heavy dra^n gamma 1 probe w.-:: sj&iected to 
?st I mtriction endonuclease anslysls as descrtoed in t/l.S. 
Fiasffiid Bm^, dasjonstrating the largest cDNA Insert fraonients were 
selected for further study, f^iiclecstide sequence coding for mouse 
Heavy (gaa-na-l) chain, shows an Heal restriction endonuclease 
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cUvaV'K:-:^ r.it.-=- neav- Uu> jup.ctic-ri belweer! variabk- snrf crjn;;v.ani. 
region, Seieciea pi i:;;f;i^;c; Di'-iAs were d>ge<;ted wHh bot'-i PljiI and l^ol 
i5nd sized on pol y<icryl<i??:idir. Thk. cnslyr^is ji'lUnyed ide-Uif kat>on 
of s ausbe^ of plasfsid Sf?As u^ai contcin ncol restriction 
endonuclea&e sites, although ro!-(G that doinonstrate oD\'A insert 
fr sgmeftts Urge ensu^ to eficode the es^tlre coding region of Siouse 
sfitt-^^CEA heavy chain. 

In one pUsmid isolated, p yZSB the cDNA insert of about 1300 bp 
contatns seqoence Information for tHe ynferffiRSlated refion^ the 
tiignal sequefice and the K-temltial portion of heavy ch&in. Secauss 
Pv^SS aid not encode the C-tem1na1 se^yenco for niouse sntl-CEA 
gassma 1 chalo, p^.asmid DNA was isolalpd roc !,the^' lolorogs sod 
screened with Pstl snd NcoL The C-rc'MiK.a r-^non c1 tJif- cL'^^A 
Insert of p-?!! wbs sefisisfke;' c <■ ihi>>'f: c.o'"t--Jo Iho stoi.' ufK\^n, 3* 
yotrenslateci sequence and that portion of t^se codinc sequence 
«iiss1n9 fro^ p -^298, 

M ,,,. o : presents the e^^tlre nac1eott<fe ^^equence of mouse 
doii-LxA nedvy <±&ixi (as datersiined by the dldeoxj^ucleotuie chain 
r£rf";!s5tum iaethoG of Smith, Methods £n^ygioK, 65: 560 (1980)) and 
FIgura 5 incltides the translated seqoence. 

The smno add seqsfsnce of ^mm I (heavy chain j deduced irm 
the naclastide s^ueoce of tise ;Pf29S cDl^A Insert ccrrespoods 
perfectly to the first ?3 Jt~ters3lna1 asalna acids of matore esouse 
antl-dA gawa I chain as deterssmed b^f aislno acid sequence analysis 
of pnrtfted iriouse aotl-CEA §as«?S"X chain. The csdfng region 
consists of 57 bnXi-pfl Irs or 19 hmnn scids o:" preSuS«'''f>'-':''^ ?-'-d 1346 
basepairs or 44/ assino ac^ds of mature protetrs. The J-Mturt- 
un>;lyLCSol3tou prcM-in ;K>.< ■:>2,cjt<) nii a v;;ri.*ic rculon of 135 

j.^iniBi) region of 13 sssloo acids. The con&ta«l rogioft U< y4 amino 
acids. After the stop codon behind a^lno acid 447 begins 95 bp of 
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s' mtrmst&ted sequmes np to the ptiiyk additloft. The jjro&e 
4). 

£-1.? gORStruction ef a PTasm^^^ Bfrect Exgresslori iaf tese 
m%m Mti<m Upp^_ tUU aerie, pi<€gAtrp.gaW 

Ffgare 6 Illustrates the ^mm-ucttm sf isKCgAtr|)a07«:l* 

First, an ir.tersiediate plasmid pH§H20M*, havfrsg a single: tfp 
Dronioter, was prepared ss follows^ 

Ths pUsfisIa pHGH ZOl (described in U.S. Pst. Appl , Serial Iso. 
307,473, filed Oct, 1, iSSl (EPO ?ub1n. No. 0036776)) has a doiible 
Uc |>ros5Dt«r followed by the trp prosster, flanked by £coR I sites 
and »3& used to prepare pHSH20?~l, pSGHao? was digested with B&im 
I, followed by partial digestion wHh Eooii L The largest frggssent, 
which contaifss the entire trp projsoter, m% isolated and ligated te 
the largest ScoR I- hmW I frapent from p6R322, and the ligation 
ffiUtare used to trar^sfons coll Z94. Tet^ Asp^' colonies mn 
Isolated, snd most of them contali^ed pHGHgO?-!. pHfiH20?~i* whkh 
lacks the EcoRI site b&tM'en the mp^ gene and the trp proniCJter, 
wa? obt.i1«cc; by partial digestion of pHGH?07~l with EcoR I, filling 
In the «?:'Ss vith Rlfrnc-w and dK'TPs;, and religatlofu 

S y? pHGHrfi?-.;* was digested with EcoRl, arid the ends 
extended to blunt ends using IZ units of DP. Polys^serase I u; a fiO ^(1 
reaction containing 60 f^aCI, K^a^, 7 Trix HC'i (pf! 7.4) 
rjnd i mH in »ach d^«P at 37'C for i hour, follow!?.:! by extraction 
wtth phenol /CHCI,.^ gnd precipltatfon with eth«?ioU The 
prs;cipHated SHA ivas digested with BassH I, and th<? large 4?ecto^- 
fragment (fraguient 1) purified using 5 percent polyacryUfside gel 
electrophoresis, electroelutlon, phsrsol/CHCIg extraction and 
etr^anol precipitations. 
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The mk ms rmmpmd&4 in SO ^ of W m IrH pH i m Mh 
m treated with 50Q mfU |5Ctsf1al AltSline Plmpiistsse iSm) for 
30' at 65* foiloi^ed by pheno 1/(^013 sxtrsctisfi m &tha«Dl 

A Um fragment coatalstng part of the llgHt ch«it? sequence was 
prepared as follows: 7 of ptim Mh was digested wR.h Pst I a.d 
the kappa chfVi'! cootslnft^Q cDKA ufsert was isolated by 6 psrcer^t gel 

exlrsction, ethanol praclpl tstJon ana reauspeiision ifi water, this 
frao:;sent was dutssted with Av^j; 11'. T.ne 33S bp P%i I-Avd 11 dUl^ 
fragment. wdc= Isolated <3nd purified f'rois a S percent polyacrylfvu^da 

A j^ucleotfde ONA jsrisser was s^thesized by the 
phospnstrt ester method G. 13, £,S44,432 (supr^) and has the foHwIng 

mt fep lie ¥al Ket 
5' AT6 SRC ATT GTT ATS 3« 

The S' sieth^oalfse serves as the Initiation e>c5orf. SOO ng of 
Uns primer «ds phosr^iorylated 3t the S' Pfid s-ltn 10 units T4 DNA 
kinase in 20 ^^ ri^actlon rorslaiatJU^ 0^5 sr^l ATP. ^S; of the ?&t 

t~Avi 11 mi- fraqnv'.-r.t was f<v;,x?d with the ;^ ul of the phosptiorylated 
prifftur, ne-iied to 9S*C for 3 minuies and quick frozen in ^ drv-ice 
eti-i^inoi bath. 7hs, dersacured ONA volution v^'as n:ade 6CmM N^Cl , 
iiqCl^, 7 ff?-- Tf-.s HCl (pH ?,4). IZ sn oads oNTP and .1? units SNA 
Pol,vvf!er.5;ie i--Lar-qe Frag;uent was added. After 2 ho^jrs nncubauiors at 
37 'C this primer repair reaction was pheao i/CHCl extracU^d, 
ethaool precipitated, and digested t& coi^^pletlon mth Sau 3A. The 
reaction mixture was then electrophoresed on a 6 percent 
piOb>acryla«1oe gel and ~50 m of the 182 basepatr amoo-termlnal 
bl«rst.-sn£l to Sa« 3A fragment (frag?sent Z) was obtained after 
electroelMtlofi. 



mm. 



ICD of fragment. (^j iC'r^; ; ^>-;c SO no Of frSQiTent ? were 
com\md \n 20 «t of 20 mM Tris HCl (pH 7>S), 10 m MgCl^* 10 aiH 
OTT, 2.5 ATP and 1 unit of 14 ON A 11 gase. After overnight 
ligation M'C the reactior; ;vas tr-«nsrr..-rvci ---t^ u col i rV-Z 
Strain Rasti-'iction endonuclt^ase cii ■ plasmid ONA from 

s nsjnter of afsipicilHn resistant trarssforfiianis iridicated the proper 
constructiofs DNA ssquence arjalysis jjroved the desired isucleGtlde : 
sequsnce throtfgh the Inltiatlcm codos of this pl&mU^ pKCEAIrsti 
(figure 6), 

Th& resifilnder pf the cQdIfjg ssqaesce of the kapps light cMin 
geae 4?as prepared as follows; 

The Pst I cOHA insert fraosjent irom 7 »(| c;" DNA was 

pgrtislly digssUjd with Ava 11 end the Avs U' cohsi-,1ve f-nds Viers; 
esstended to blunt ends in a DNA Polvsnerase I larpe fra^ent 
rsactiotu Following 6 percerit polyacryla:-n?de eleclrophor^-sis 
the 5S6 basepsilr Pst I to blunt ended Ava 11 DNA frce-^:'i^t >^av. 
isC'Utec, purif^sd artci subjected to Hpa H rfestrjctlon e^dcnual'^ssse 
digestion. The 497 basepslr Hpa 11 to bhint ended Av^ II QUA 
fr&qm&Cit (fragment 3) v?a& IsoUted and purified aftsr gel 
electrophoresis^ 

10 $sg of pKaAIfsta. DN'A was digested with Ava I, extended with 
DNA pdbtngrase I large fragmei-jt, and digested with ^a I. Both the 
largs Hunt ended Ava I to XM I vector frspeot and the small blunt 
ended Avs 1 to Xba I frapesst were Isolated and purified from s g 
Dercsfit polymery? as^lde gel after electrophoresis. The Urge sfector 
fracT^efd. (fracdient 4) was trfissted^wlth Bacterial Alkallfse 
Phorpr^ata^'v (PA--), and the ^siall frafRent was digested nUh Hps IT, 
electvophori^ed on a 6 percent polyacrylaaside a«d the 1.69 tasep^ir 
Xb=) l-H^u n Ot<.^- jrasfisersl (fragsient 5} was piii'-if1?;d. *-76 fsg of 
frasmef;l u "^0 of frsgaent 3 and -bu of fragnie^it S were 
coiiiS^ned irs a 14 OiNA ligisse reaction md Irscobated overnight iit M*, 
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and the rssction s^fAturc- tr^insfonised fntc l^, coif KIZ st?^5>r: Z9^-, 
P1s;Sf;iid from si.K «n-p1ci i lin rf;sistarit tr.3nsfo>ii!«nux s'cre 
?.n&\y7.e.d by restriction eKdosuclesse digestion. Oj?e plasmid O-VA 
des3{3?}strat«d the proper constrtictioj? and was designated pKCEAlat2. 

Final constwtlojs was effected by llgatlrig the K-CEA fra^jst, 
iRClttding the trp prosaeter from pKCEAIrjt2 tsto p8R32gCXAP). 
Cp8R322{XAP) Is prejfared as described In y.S. Application 452,227, 
filed ti&cetsher £2, mZ; from pSS322 by deletion of the Avgl-PvuH 
frapent followed by llgatioi!«) 

The K-CEA fr3G!35?r<t was prepared by treating pKC£Alnt2 v»'lth 
A¥a I, blunt ending with DKA polyfiserase I (K^enow fragK^nt) in the 
presence of 0HTPs, digestion with Pst I and Isolation of the desired 
frapent by gel electropheresis and electroelation. 

The large vector fragasent frcr« p8R322fX/,Pf was prepared fey 
successive treat;;!ent v^'Uh EcoH I, bluttt mding viith polyiJ^erssa, and 
redigev.tion viith Pst 1, followed by fsslstion of the large vector 
fragment by electrophoresis &tid electroetution. 

The K-CEA and targe vector fragments as prepared in the 
preeedfng paragraphs were llgated witfs 14 MA ligase, and the 
ligation ajixtore transformed into colj as above* PI asm! dtSJ^ 
fro» several aspieilHn resistant transforajants were selected for 
analysis, and one plasmid DMA dasonstrated the proper coisstractlon, 
and was dsslgnated pKC£Atrp207-i*^, 

E , X.8 Construction of a Plasmid Vector for Direct Expression 
o;^; H«Ture Antf~C£A Heavy (Sassma 1) Chai n ^ene^ 

pvC-E_Atrp207-l* 

Figure 7 fllustrstes the conGt.-L^ctVD;! of pYCEAtrp;?.D;-^^, This 
plasmid was constructed tn tm parts begnsning wfth coiistrtjction of 
the C-termifial r&§im of the gansssa i gene* 
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*> 1,9 of pUsmid f>HSK20?~I* «as di§8ste<S witJ^ Ava !, extended to 
b^ynt ends with ONA pol^ssierase 1 l3r98 fragn^er^t (Kleno^' frsg!::ant), 
extracted with phe«c1/CHa3, a«d ethsnol precipiui&6. The Ds'iA 
was dleeUed with i trsated with BA!> and the Is^rge fr«gmef=i 
(fragment A) was purified by £> percent polyacrylamids gel 
electrophoresis end slectroel ucioJi, 

^9 fjf p^n was digosteci <-ith Ht I ar<d tne gas^^ss cKsin C;3NA 
insert n\w,e'^t co;n£^in-ing inn C-temnnal portion of the gsrse was 
pari f J":.?5ted w^ih Ava II fo;lo«t;« by exten&ion of the Ava U 
cohcMv-- ..-fuis -ii-h KUnow» fo) sowed fey Taq I digestion. The 37S 
basapcir blunt ended Ava 11 to Taq i fragment (fragment 8) was 
Isolated and purified by gel electrophoresis sod electroelutlon. 

9 8f py29S wss digested with laq I and 8amH I for Isolation 
of the 495 basspair frspetst (frapent C) , 

/^prdxl8iate1y equlrrs^lar &mmi.% of frssau^nts A, B, *nr. C v*er& 
liggted overnight at 14* In ZOv) reaction -ixi>.rs, th-w t-ans^o-spd 
into L colj. stfslr. The plssmld DNA from i^ix amr^rniln 
resistant tr^nsfon^snt? was co^int^d to r-siriclu^n .^>.conu: = S:«;e 
analysis and .-^n.> pi3<;-nl ■iNA, ns-." pyCEM-.^ c--mo>ntr5toc. the 
correci aon^jlrucnon of ihe C~ier.~.nul pcrfsor; of 1 (Figure 5), 

To ottsin Uh^ r<~ten;ii?;a1 sequences, 30 i^g of Py?9B «as ajgesteil 
with t-%i 1 a-v; i-he 528 basepair DNA fragsjent encoding the N-tersslnal 
region of moi^se antl-CEA gaii>iia chals was Isolated ano purified. 
This fragment was fum^r digested with A1« I and Rsa I for 
Isolation of the 2S0 isasepair fra^est. A 15 nucleotide mA prlsser 
fiset §1tJ vsl sat leu 
S' ATG SAA STG ATG CTB 3' 
was sFthesi2:ed by the phosphotriester fagthod (Siipra). 

Ihe 5' ns«th1oftl5ie serves as the w1t1&tio« coders. MX) m 
this $^3thetic oligomer nrlR>2r was phosphorylated at the S' end In a 



v-£3Ctior. with 10 units 14 QUA kinase cDntilfdfig 0.5 m ATP 1r. ?0i,1 
re^r-tior; mjxturf. -f^^in 09 of !he ;?a) bsssepalr Alu I-Rsa I DNA 
fragn^ent was ,.5i>;f.d ■r.Wu uw pho? pu.rylated prisser. The mlxtire was 
heat de-natuTed to^- 3 n^snui??, ai -j-d quacKh^d in dry- ia^ 

g 4^t/u;noK Ti-if, dcn«lu>-?d iii<A soijuon was riccse 50;^^ f^ar; , /m?'^ 

MgCI^,, / m Ir-ic KCi (pH 7.4), 12 In ea^n dKFP and 12 urnts DHh 
Peljt«era'5*^ I-Larot' Frsu^^ient w,=;3 ac^oec^". Atrt-^r ;? hciirs incubation at 
37*C, this primer repair reaction w£f> pivc;:-n]/a!CL^ extracted, 
et!>3fjo5 precipHatea, and digested to cosnDleiir^n with HpaH, -fsO ng 

to expected 12S basepa^r blusi-^no to Hpa li ONA frapjrat 

Cfrasmerst 0) 4^as ptrlfied fros? me gel. 

A sscond allqyot of |>^-298 DM was digested with Pst I, the 6E8 
isasepalr OKA frapept; parif red by polyacrylaislde gel 
electrophor*esl&, and farther m§ested with B&m I and S^s H, The 
resulting 380 feasepafr fra-gment (fragssent E) was purified gel 
el«ctt"ophores1s. 

~5 US! of i-'iCrASml ws^ xih:c;s.ted with ifcoR i\ the cohesive ersds 
20 tlyj.'> with DNA polvi^scrasi.- 1 (Klen^'w), furthar ctgesterf 

win> G-i'-H fr-^ot^'s ^itr; BAP arsd electrophoresed on a 6 percait 
polyarr>;,^K:!Je cel. Th*-- large vector fra^^t (fr&pent F) was 
lsol«r.ea and purif sed. 

Irs a three frsgssgnt ligation, 60 09 rr*m<x^f;L 0. IDu ng fra^^-^ifil 
^r?d 100 i;q iVaginerd F w'sre ligsled overnight st 4" in a ?0 
reactiori mixture and «sed to iransforei £. toU m strain 294. I\ne 
plasavM ONAs froa? 12 ampictU in resistafjt tmntfotm^ts were 
ansSjf^ed for the ccrrect cof3Struct1oR and tfse nucleotide sequeftce 
^ stirrounding the inUlat^son codon «as verified to bs correct for the 
pl asBsid P « pvGE AI nt2. 

The expression pUssid, pyCEAtrpao?-!* (fsed for expression of 
the heaxfy chain gene Is pr^.p&r$d by a 3~wsy ligation ws1ng t^e large 

3S 
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v6ci.or fr 3 gffii^rit fro!^ pSR3g2{XAP) (supra) and two frepents pr^parsG^ 

frm pvCSAIfitE. 

en<lMiq «1tri 0« A polymerase V* '►*rSfr\^ < 

followed by di^sstion with '^'i* «fi -i.r>> cfJC)* of Uk"^ }<x^e vector 
frs-gn^ent i>y gel electrophoresis. A 1S43 base pair fragrnant fro;;) 
PYCHAlf?t2 contgkirsg trp pronK)ter lirskedwitij ths ^»temif\5l coding 
region of the heavy chalf? geiie was isolated by treating pyCSAInta 
mm Pst I followed by Bassf I, afld isoUtlof? of the desired fragss&nt 
using PAGE, The 869 base pair fragsient conUi^Ing the C-tentilnal 
costing portion of the gene was prepared by par ti&i d1 gastlon of 
pvCEAIntS with Avs 1, blmt ersding with K1eno«» sfid suDsequerst 
digesttan wilh B^^mH I, foUov^ed »y purlflcatiofs of ths desired 
fregmefit by yel e;f.cirophor€Sls, 

sv.^uuUird corKrjtions u^inc- 14 UNA rKhvoe. d^^o a li^jerio;- ~1xt.'.ire iised 
to trsriV.fon;! 5,. col^ Str3>r. ^:9'i. PUsmid mh% irom several 
tetriitycl ine rssistar.t transf orraants we^e anal^ed; om plasssid mh 
denonstrAtec tn*- proper construction and m% deslgnatsd 
ptCIAtrp207-i*, 

fj;;o^ ucti0fi of ifiimufiO tjlobuHn Chains by co li 
coll . strain M3U0 {ATTC No« 2?325| was tP&nsferfiigd with 
p-rC£Atrp^7-i* or pKCEAtrp207~X* using standard techniques, 

to obtain double transforsiants, E. coll strain MZllO c?ns were 
transformgd mth a modified pKaAtrp20?~l*, pKCIAtrpK)7~H7,,, v^vich 
had been rstsdif^ed by cleav^'ng s Pst ]~Pvu I fratpenJ. fro;;; lh£ .ismV' 
gene <^nd rellQ«'-^"S- ^-^^"''^ trarssforssed «1v.n pkf:i:Jvcrr;;;C??-l*,A ar^^ 
tinjs sensitive to aisjplcillln fcut stiH resistant In t&tr«cyd ine. 
Successfii? transforissnts v>*ere retrsnsfonsed using prCEAIntS v^^ld? 
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confers rssistsnce to ss^killir. t>ist not t^tracyclise. Cells 
contain isg both pKCeAtrp20?-l*& and pyCtAlntZ t^u% identified by 
growth in a wedim coritslning bsth mpicUMn end tetr^cycHne. 

To confirm ths prodactloo of heavy dfid/or cbinns i>\ the 

trsiisfcr-in^d ceVh;, the cell Sonr,>'ies vfer^ ir-oculsied into m 
tr-ypiophan frsiiv sT^edium contrv^si^n;; la; ::;/;;;] letrac vc lifie, smi 1f>duced > 
wU^i indDleacryHc acid (lAA] >vhen tJhv 00 550 reads US. The 
imi'jced cells were gro^-rj a£ S/*C curing various t^;i;K> periods arid 
then spun dowo, snd suspefsded in re buffer conVdmin^ 2 percent SDS 
and oa M s-ffiei*captoetliaf?ol and Jjolled for S istnsstte. A 10 volume 
of acetone ms added and the cells kept at 22*C for 10 minutes, then 
ceotrifuged at 12,i300 rpm. Im jsredpltfttfe wss suspended m 
U'FarreU SDS sample bfiffar (O'FarreU, P.H.j f^5;^<-^!^l:.j ^^50^^ 
4007 Ci9?5}); feolled 3 fsiniftes, recentrifuged, and fractjmjated 
osing $0S PAGE (10 pereeifst), and stained vfith silver stain CSoldman, 
Sllh^ 2'^^: i^37 (1S81}); or $«njected to Western blot 

using rsbs^t ant1--i-noi.<s& igG (Sarnett, i**. N., £t sl^,, Mai , Sfodiesu 
11?: 195 (1981,1), for icsentif kation light chain and heavy chain. 



1 



b> stu 1 ^Ict, 



p t.t*ir-> *,*)v,n i r ! t 1 ^^-^ 



1hs e }*-<ft,S* ^f^ 



Fi<,L'-^aA ho>»fS resyU oevelope ov ilver ta> tro-s celts 
i <»nsf J tenh pY^AtrraO? i* tant i i-^ roni,clona1 ant^-CFA 
t^^tv^ ecj^ (stand d' frcr C^-A f)'^ "3 lane*; a-s tis^a 
vajJHJes ^ nr^» ^1 hr , & hrs and ^1 h gf-er JAA adc* t- n, la e& 
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correspondifig ofiirsdiices tfansformants. 

Figure 88 shows results developed by Vle$te-n blot from cells 
transforffsed witt! pKC£Atrp20?~i*-. Isnes ii>~6b are extracts ir<m 
induced cells tmmedtatsly, Ihr, 3,5 hrs, 5 hrs, 8 hrs, and ?4 hrs 
after lAA addition^ ssid ls~6s corr*$t>C3nd1f?g ufjfndyced controls. 
Lane 7 ts an extract frojB a py^Atrp2Q7-l* cmtro)^ Unes 8, S, and 
10 are varying atBDisnts of aati C£A-ka?>pa d?a1n frm CEA.66-E3 cslls. 

Figure 8C shows results G-?veltsped by Viestero blot from four 
colonies c-f doi-'bie irs-^s-? 'eVv "'4 i-.c^r-s >sfiCT lAA .-ic-i-: t.1or, 
(lanes 4-7)- lanes 1-3 ars vcryiriq cmouotii of fsoi^ocl&nal gan^n^fe 
ch«5n controU, Idnfc? *jr-d 9 cri ijiurcnsfcsnjii^'J arid p-jC£Atrp2D7"l* 
transferred cell ext.racts, respectwely* 

;;\v;ner quani:t<>i:ve ii<-^<;y, troifen, triinsror;;ied colj cells 
grown according to £J.10 (ii&'iow} were l>sed by heating in sodium 
dssdecyl sulfste (SDSl/s-sjereaptoethisnol cell lysis buffer at iO0\ 
Al Iquots were loaded on ars SOS po1yscryla??side gel next t© l anes 
leaded with various asaounts of nvijridema aotl-C^A. The gel was 
developed by the festern blot, &ja-nstt (stspra), uslfig *^'^l~1ab8led 
sheep anti-fssotfse IgG snti body f rots? England NiicTear* The results 
are shown in Figure 9- Tbe figyre shoves that the t. coli products 
co-5;5^§rate with the authentic hybridoma chtr;os, indicii'chsq no 
detectable proteolytic degradation in L ct'H. ^^cav\ c'-.ain Vro- 
<^fi8ssalian celli Is t;<pf;cted to b*; slisystb' i'^av^er 1?!?,;^ l^, cq) i 
material due tc> olycosylfition in th? r^-mer. Using the hybrldo^T-a 
lanes as. a starsdard, tbe following estiniaites of s;e.5vy snd liqia 
d?ain production Ksr* . 

{Pe' r^"' <'i' ce iU) 
I' con («JI10/pvCr^;rrp?OA-j'') 5 rsg t 

i' Mi (K3ilO/i5iCCLAtrp207-i-*-) 1,5 sjg K 

I- H!1 {^3iKl/pKa:Atrp2C-7-l-^&, n^CmntZ) 0,5 ssg K, 1.0 rag 



Ir order to obtam hesvy and b'^it chain prepsraticn:: vor 
reconstitution, trsnsfonaed celU i»-ere growrs in larger botches, 
haryested 8i^<j froxen. Conditions of growth of the vsriously 
traftsfonrsed cells *fsre as fslltsfs: 

coVi (WSllO/pvCHAtrp^O?-!^ ) *v&r£ inoculated Inte SOG ml IB 
moidium contairnng Sjig/ml tetracycl 5ne and grow^ ^ rotary shsksr 
for P hc::r;^, she cuUura was then traosferreii to 10 liters af 
f e?-sseraat.ien ^-ctum containlisg yeast nutrients, salts, glucose, and 
2»g/ml tetracycline. Additional glucose added during growth assd 
at DD S5C- 20, ifidoleacryllc (iM), a trp <l€repressor, was added to 
concentration ef SO i*§/sil. The ceHs fscS additiooal glucose 
to a final 00 SSO ^ ^0, achieved approximately 6 hoars frofs tJie XAA 
gdditlon. 

£, coH {W3110) cells transfonTssd with pKC£A trp £G7-a'- ar.d 
double transforsed (with pKC£Atrp20?--l*& and pyOiAM) wersj grown 
in a manner analogous to that described above except that tne OD SSO 
six hours after lAA addition at harvest m% 2S"30. 

The cells ware then harvested by ceotrlfygation, and froa:en. 

Ar;li~ClA sctjvUy was cleterssifted by aiSA as a criterlsn for 
soccessfisl recorsstitution. MelU of sslcrotiter plates {Dyrjcstech 
Imm'im) we-e saturated «1th C£A by Incubating 100 yl of 2-5 vg 
a.A/ssl solution in O.m carbonate buffer, pH 9,3 for 12 hours at 
rooss tamper sture. The wells were then washed 4 tlni^s with phosphate 
buffered saline (PBS), and then saturated with 8$A by incubating ^0 
sjI of 0,5 percent 8SA In P8S for 2 hours at 3?*C, followed by 
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washing 4 tin!e% mth PSS. Fifty mlcroHters of each S5iv:pie wa;: 
applied to each wall, A standard curvs? (sho«r> irj Figure 10), was. 
r«n, i^ith consisted sf yl samples of si^, S u^, I a^, SOO og, 
100 ng, 50 ng, iO ng, S fsg and I rsg ant1~£IA/t?sl in 0,5 percent 8$A 
g In ?8S, plus 50 fjl of 0.5 uerceftt gSA >r PBS alone as a blank. All 
of the satsplgs were incubated the plate for 90 mnutss at 37*C> 

The pistes were then washed 4 times with and sheep 
ar.ti^50!ise IgG-aiki-,! i.rsrr phosphate (T/%GO, Iric) wiss applied to ssch 
^0 well bv addints K30 of 6nj:.y=^)?.- concf-fitrat Ion of 24 MniiA/ffH in 

fiiinutes. The pUte^ were wir.n^d 4 t;;nes with P8S before acdiiv? the 

sub&trate, 100 i:! of s 0,'- r^G;'?:;: solutloo of" p~r;Uroph-:rrr/s phosphate 

(SiSiTis) in ettisn»l-s;:nn*^ t-yffer&d ssUnfe, pH S,S, The substrate was 

ificii&ated 90 minijtes at 3>''C for color developsisnt. 

Ihs A^g0 E>f s^ch ssell «ss rsad by the MlcrpeUsa AutO: Reader 
(%rjateeh} set to 8 tnreshold of U, calibrAtiOfi of 1*0 and tr^s OJ 
percwt 8SA in ms (Blank) well set to O.ODO. The A^^^ data was 
tabtjlated ifi i^S~i on ttsa VAX systesi, asd the standard curve dats 
fitted to a foor~parg?r;Ster logistic isodel. Ihe unknown ssssples' 
concentrations were calcoliated based or l^ie data. 

E.3 Reconst) lut;^&P of RssqnBifi& o 3>!;5 Assjsy 

2g rrcv\-r; cells prer>3^>3d as described ir. par<'.qrsph l"J..iO were 

tr.a-.s-d Tn coir ly.i^ h^t'n^r ^:vv iris HC'i , pH >\5, Is^M EDTA, O.IM 

•HJrricctiof!. ■ The lyssite W5<; p^rtk^l ly cjer^fif-d by c^otrf fuo.ufior! 
for 20 t?5lns st 3,000 rpm. The siiperostant v^ss protected frosi? 
3P proteolytic snzysses by additional In^M ?^SF, end used Imsdiately 
or stored froi;en at --8f/'C; frozen lysstes were sever thawed more 
t*»as once, 

Th£ S~s!ilfonate of con produced anti~C£A heavy chaif) (y) was 
prepared as follow?;: kecoa&loar.t |. coJX cells trsnsfon^ed mth 
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PYilAi:rp?07~;* !»tnch contained he-^vy chein is irrvclussie bodKjt, wers 
lviH?-'J and cssrlr ijuqed aboye; ^.hc pvl^^r. wis r-;Su-.-pe-iosd id the 
bufter, :u)snc5ted find re~cefi Crnuged, Ifur^ pf'lkt washsd 
once ivit.h buffer, then ivuspsftded In l>H gyasidine HCI^ O.IH Trjs HCU 
pH 8, hrr^ EDI A, £0 mg/a) socltum %umtB and 10 agfml sodium 
tetra^lonate and allowed to react &i 25* for aboat 16 hrs. The 
reacttosi mixture wss dlaly^ed agsjost 8H area, O.M Trts HCl, 8» 
and stored at 4*, to give a 3 iJjgiml soliitlfifs Pf y-S^^-^ 

650 jil of cell lysate frois celU of various E, celj^ stralt^s 
protSiicing various IgS ch«tln$, m& adrfesJ to 500 fag urea. To this was 
sdded s-ii3ercaptoethar.ol to ?OsM, Trts-HCI, pJi 8.5 tc 50t;sM and EBTA 
to im, &n6 Hi expert i3«;nts, y-SSOj was s^sded la 0.1 i-^v/rsL 
After staodlftG «t for 3G-9r) ?n^n&., the reaction, mixtures «ere 
di3ly?.ed 5t A* a95i!;r.t « buffer a->nyn;^ec ef C..;^1 r.odiuff! glyc1ftat«, 
pH 10.8, 0.55-5 sjrea, XCxijM gl>u1ne ei.'o'l eit-vr, bni^ r-.l^^c-d 
c;1utstnk«5e, OJn^t oxidtsed y Ijta-.nior^e, hufler v^os prepared 

fro.'fs N^-xaburatr-d i^5t*?r .nid tn^- c^-.vsu^ pf.rf«nmvd ^^n & capped 
yneslo!! bottle. After 16-48 nc;r-;, disiy^ls n.^^j-- v-vi=re trsnsfsrred 
to 4' Dno^Dhu-U; buffered isse coor-S^lnlng ]=;*<5 PMSF ar^d dialysU 
continued another 16-24 hrs, DUly&at^s wera assayed by £USA as 
d£scr-.bed ^n paragraph £.2 for aS>nity to btfid CEA, The results 
below show the values ootalned uy cc^iparisom with tse standard curve 
in X ns/fsl a.at>~aA. Also shown ar« the recoostltutloo efficiencies 
calctjlated frotg the ELISA responses, n?1«us the background (108 
ng/ml) of c&IH producing K d^aio only, aod from esttssiates of the 
lev^els of -r ^nd K cnaia$ in the reaction mix-ajres. 

ng/ffil Percerit 
aotir-C£A r-rcodjia aticn 

coli miW prodaetng :lFN-aA Ccootro)) 0 

£> c&li C«3ii8|?>KC£MrpM7~l**^ PYM«t2) ISSQ 
Hybf Idoma anti-CEA K-SSQ^ and y-SSO^ S40 
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Figures il snd i,^ show the construction of m expression vector 
for & chimeric hesyy (goSM) chain ^itM comprises the ssyrloe anXA 
CEk variable regl&fi and homao coiRStant regions 

A DiiA sequence encoding the hufflaf! pjm!a^2 heavy chgin Is 
prepared as follows: the cOM library? obtained by standard 
techrs1qu8$ frosi a hmm siisUiple myeio»>s cell lins is, prab^id wtth 
S* 68GCACTCGACACAA 3* to obtain the pUsmid cMt<3lnin« tne c&iv^\ 
irisert tor hiiras-i qa^i^jiS-? chain {Takahashl^ et .^K, CfQ, ?'-)' 
(I^SS'r), ^r)Corpor<^ott:G h!?i"e-;ft fej' reference), t;<(i ^-I'Jyzcc v-^^ -fv 
its uientriy v<itr ihe known sequence ?n hussan g«!?i:na~2 (Ellison, J,, 
ii j^n..:, ?vjtL Acad. Sci, (ijSA), 79; 1984 {mz) Irscorporated 
herein by refereocs). 

As sho>-<*n in Figure t«c ■fr«<;'<i«nt<: sre o:5tc>ni^J tror-; tnis 
clefied tean ^sim* 2 plasmid (py2). The f irst fragissnt is fmmd b^ 
di9sstion with Fvull followed by {Slgestisn with Ava lli^ and 
ptirification of ti>e smsller DM fragRsent, which contains a portion 
of the constaat regisn, using 6 percent ?AG£. The second fragssent 
is ohtainsd by digesting the pyg with any restriciiors enzy;ne which 
cleaves in the 3' uotrans)&ted region of yS,, ss deduced frofs the 
nucleotide sequsnce^ filling in with Klencsw si^d dNTPSs cleaving with 
Ava ni, and isolating the sr?!aller fragsrsent using & percent PASE. 
il>i<i choice of ^ two *^teD, tKO fr-agsv.Ciri composition to ?u:>plj the 

du? to tnf; proxin-ti-y of me AvoIH <:5t<" the 3 te.-^''>-^;vi; e^^'i r.ha<^ 
avoiding «d(ii tic-inil rfrst>- ^ctn^n ^-.t<-.-s \u xn>^ g?f(!r oe-juenre i^-jtchinc 
the V untranslated region site. J' liyilAZ)?-!* is d1ges;ted with EcqR 
I, treated «ith Kieno><j and dNTPs to fill In the cohesive enc< 8;>d 
dujx^s-ted wuh II* the Urge vector frasg^^ient contaiiVsng promcster 
isolated by 6 percent FASE. 

The location :and ONIA seqeenee surrounding the PvuII site in the 
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mmm gartsna-l gci^. f^re (denrcol to th*^ lotii-'cn and DflA S8<jue«c^ 
Sisrmndi .g the Pviill nt^ m *i u "^e 

t'l. v5r^^b~:> ^fv. p^'>* of viH ' i'^r^ uuic^ - x r 
ys^s t t ^ d )vj "-I >- ^ i the . ( 3f!>3 i 

but onf> whsrsift the change from txm^ to ruajdr fioes not 
ta!.c '"^fCf at the van'able to corst3.j3t ^jsxnctfon. 

Figure U shows njcsdfffcatiofj of pCr^frl to construct pChwE su 
IMf- the pssijltlng prssteiR from expression vfill contain variable 
TLv^son from jriinie ,intf C^A eutibedy md constant region frm the 
hdmt\ ^-Z cn&m. First s trapent \% prepared frs^ pChlsjl by 
treating w'th to I olunt ending with Klenow sad dNIPs, clea^flng 
with Pvu n, and Isolating *hf frq-=> y ' tc>~ frc. orr ^hfcn 1s tl-ost 
the cosiplete plasis1<i e^-cr' - i] " > n <> ^-i-'t t >i '^k' 

»"eguv- fc ^ f5iCM*f~ snt vs,' * ^ ►-p. trrs t c 

re ^''U r ""t c'i^iO. V*;* ^lii-^v, 'j-'d u\'P n i'^ ,ti') *-^c r. 
trpcs^cnt inch comprises r^e ji-^ciun »>fclw^'e'* v^Tituble jid roiotci-t 
regiofts of this cba^n. 

I Hrtt-'oR o* the foriyo^'-iC f^^^gsents prsduces a'J iKterssediate 
" .M,d whjch Is correct exc***)! lo- an extraneous DNA fragment Vshich 
< r>t^^n a sa^all portion Ov inc cojistant region sf the as'inne snti 

9 gen, no a sr.aTl portion of tlie variable region of the nuasai 
g^3!s>j^ crdlft. This repair can &e nadt^ by excising the Xba I to Pvu 
n fragnsent and cloning Into xM13 phage described by Messing 
et^al^*, Muole c Actssji^i,, ^; 309 imU followd hy ir> v'trs $lt<» 
directed acletlon s;t<t?veoesfn «^s-<yrrlbM Ij^ .Ao»msn, et al,*> |^ 
^, 183 U'Jai) w-^t,h ^n<trp.>«-iU-d hcr«>->* b> -efere-cf^ ^he 
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Xi>« i-PviJ II fraofflerrc thus sodifisd h'^hvled back irrto th« 
intenft^diate pUsstd to fonsi pChis?, plas^fci then Is capable 

of eKpmsing In a suitable host a cleanly coostructed gsarirj« 
ygrlabls/hJiBian constant chinserlc he-avy ch^in, 

S 

If? an analogous fashion, but using mmk tmpls.t&i for cDM 
constrsictlon for bmm kappa rather than t chain, the expressts?? 
plasmi^ for chlmerfc light chain is prepared* 

10 The foregoing tfcfo plasmlds are then double transfdmgd into 
|. coll M3110, the calls grown and t^e chains rmamtitutM as set 
fsrth in parasraph £.1^E,3 supra* 

£♦0 f mparation gf Al temdj^u^^ Antl-C£A Antfbo% 

IS 

Constructisn af Flas-^id Vectors for Direct Expression of 
Altered Hu r 1 n$ ^?^tf -CEA Hfr a yyji^i njenc 
Ths cys, limine residues, ?M the resultant disulfide bonds In the 
region of «;«ino acids in th« const&rst region of rfiurlne 

20 antt-CEA hssvy chain are suspected to be Importsnt for ccraplems-at 
fixation (Klein, sj^., Proc > Natl, Acad > Sc u, (USA), 7S: 5?4 
ilSSDl but not fjr the sintfge;! blrsdlng property of th? resultuss 
antibody. To decrease th& probability of inccsrrect disulfide band 
fonaation during reconstitution according ts the process csf the 
2S invention h&reiji, the niicleotfdos encoding the amino acid rosidaes 
m-^m which Includes codons for three cysteines, are delated as 
follows: 

A ^deleter" deoxyoligonucelotide, S* CTMCACCATSTCAGSST is used 
30 to del&ts th& relevant portions ef the gene from pvCEAtrp20?-X* by 
the procedure of w'allacc, ei dU, .Scseace, 2Q9i 1396 (1980) or of 
Adelman, et a1., mk2, 183 {I<?g3). briefly, the "deleter" 
deoxyollgonucelotide 1& annealed wfth denatured p-yCEAtrp2G?~l* DHA, 
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ixud Drvner repsir v vr;i!;ii'i i:; carried out vitro, followed by 

— * — ~"' -^i 
screenlnq by hybridizatiofi of presumptive deletion clones with 

1abe1le<5 deleter sequence v 

E , S , 2 Producttoi ^ of Cystelsie D eflclesit A1teye<S Mtfbpd^ 
The pUsmid prepared in E,S.l is transforsiea ^nto ar? L colt 
strain prgyiously transforiBed with piCCEAtrp20?-l* ss described 
above. The cells are ^rowi^, esctr acted for retsj^ifisftt antibody 
0\&int^ and the alt&red antibody reconstituted as described in 



£ . S firgp^ri^ tic^ of Fab 



M xrL 13 pevYu. tJ-ic co'stryct-soii of pYC£AFabtrpr{>7~i*. S jjg 
of o:P.322 was d^ested i»!Uh Hind OI, m coheswe ead^ mms flusn 
bi t»^t8ti»9 «f*th ^loni^ and dNWs' a'9i;i,ted xitn Pst I «nc treate? 
wt^-n m, Iti^ large Vt.clor ^rasse t fr^T^rX I, wai. recovcre?? 
usirg g percent PAGJ foHov^ed oy Llectroeli'tufu 

5 vS of pyClkittZQl-l-^ «as digested ViUn both PasaH I usd Pst X 
and iht ~ib70 fragss'teat (fj ^T^e.-t ID rct^j^nujc t>i. Irp 

oroTOler o^G the ger^p s-es^usnce e-^iodi^c tns v^n* re-^Ka, 
fri n s£!., ^ 0 I. '>^t.iit rcgjofj a'sJ Ufrther mm tn^ aii^t ^-Ag;ja^ 
i j^c - ' - n wa \solatec gric* ptirlfied after 



C\p < 1 M ^ ? ' > <'^-.U i ^ >^ 

b„ <\iO V' U^A t5<igfacnt tror, :iO n of the py 35 vta 

.in^ pur M.-l, A 13 n^Jcl^^S-Jde UNA mr, the cosr )U;i5!ent 
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of ivr-ic.h encodes tiuv isst 3 C-i '^rii^^nc 1 a-fsimi acids of the Fsb of-<rit:> 
and Z oases of the 3 negded for the stop codon, i^as synthesized by 

^ « " K * ! t Ji J f u 5 ^ 

SlUCho Uir ^ .! / I- <4) $} Vi i( \ 0 s Q t.4. 

.HS0LVSb]y.VtOD 

5' GGGATTGTGSTTG 3' 

Tr5« ihirii bass; o th& Suop codssn i prv, Qv,i. t tn s al 
ni.cleotid& 0^ th? fsHed iji Hind l*i tte frsar p8<432/ cle*»v?<32 
tJfi cnbed bove ;00 ng f tfii ntxmr wa«5 si a priRje*" rep«ir 
reaction bv pho Dhor^lation the S' end to ? ie«'~t)'^ h 10 

-200 ng Of tiis. Nco l-Nd"* ^ DNA f asnent T e ifiUturfe t&s heat 
denatsjred rsr 3 mirjutes at 9s?* grjs qoersched tfj ir^^xm oxMrnl^i The 

H ! (pJ " ii, i? r*^ 1'^ ^ ill'' i? i. t "{> ?t ! T" i-w^ 

rr i J r h )) > 3 H p ir-' 

^ ft ^ t d, 

i "HI t I ! , ojjv) ^ 6 

^ >1 - 0 < L end to >i&m-S 

1 ? "> <. Mihx, ^ Q \r& ^^y^,^ '^^*^ L £Jl^*2 tJ a ft 2 

**»0v!<3h .h** re a j b»ont a<f f"1kd~in Hind Ul junction «a 
{icter lOif. -t %frMfic'5*io of the TGA ctoo c^Jo 

The f^U'^JTid ''re^^ared i £ 6 I s t ^n-^fomfd tnt-o an L o^i 
J Kilt \i>rt^^ i xi p^CrTlf p2^7-P <3,<- da<^'~ s 

^ ^ ^ i > ^ t 1 r-** r^, 'Jis? 1 atjL ^. t v 

a N m a f>'-o t <i ! vjn* t t I f s d*,\i "^e IC 



The appended Giaiiss set our the piincipai aress for 
which a ffionopoiy is presently clajtsiecj, in addition, the 
following preferred features should be noted x 

the antibody of claim 3 which is directed against C£Aj 
5 the antibody of claiin 3 wherein the heavy chain is of. 

the gatnnja faisilyj 

the antibody of claijs 3 wherein th« light chain is of 
the kappa family? 

the co»tposition of matter of cXsiia 8 which is 

the composi r..ion of. matter Of claim S which is 
immunoreactive against CEA? 

the sequence of claisx 9 -which is a nsassmalian heavy 

chain; 

15 the sequence of claiw 9 which is anti-CEA heavy chain; 

the sequence of claim 10 which is a wamj»aXian light 

chain f 

the sequence of oiaies 10 which is anti~CHA light 

chain? 

20 recosjbinaat host cells ef claijs 16 which are 

Microbial host cells $ 

the method of claim 17 wherein the vector of b1 and 
the vector o£ d) are transforssed into the same host csll 
erjltisre? and 

25 the sequence of a) and the sequsncs- of c) ars; ln.sav..r i:sr3 

into the safiiii; refilicable SKpressiion vector; 

th=v ftivtnod of cl£3in- 17 wherfiin the ONA sequencs of s) 

etico.iieis rr.,=i;j^r^i5,l i isn heavy chain, end the DNA sequ?:nce of c) 

&!ico-;ie;-.; rfi:S!r.siaiian lighi; chaisi; and Vihei-eir- bo'ch DNA 
30 frag.nent.s eticode amino acid seguances of the sasne aasamalian 

antibody; 

f:.he s!}ei:-hod of claim 1? wherain the ONA frac;r.-:ent of -s) 
encodes a chimeric hybrid heavy chain and the DN^i sequerice 
of c) encodes a chimeric light chain; and 
IS the method of any one of claims 17 to 18 wherein said 

vectors are trsnsformsid ii?to the sarse host cell culture. 
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i. An imiaunogiobolin produced by recc5j?i.binant host ceils . 

S 2, An .imsftunoglobuJin subsiantiaiiv' fj'*-"'- other proteirvS; 
with which it is ttormisily associated in vertsbrate cells. 

3. The mfmno^lahxsliti of ciaia? I or 2 which is a 
massmai ian antibody, in that th« amirso acid sequeftc«s of ail 

IQ £owr chains dxe homologous to the sequences in the 
corresponding chains In an antibody derive«3 froirti a 
jfiassffialiars species, 

4. The a rAtfsarioglobulin ol claim 1 or 2 which is a hybrid 
15 antibody, a composite non-specific Irasftunoglobalin, a 

chimeric antibody, or an altered antibody > 

5. A chimiiriic anriboay of clain; 4 Vvhprejn t ^^e constan>t 
regions of ail four cJsairis ars homoloorjus to the 

JO corresponding constant re^-ions of ar; .antibody of s first 
m«wtssii issn species, and the amino acid sequence of the 
variable regions of sli four chains sre homologous to the 
%?ariable regions in an antibody derived fro?!? a second, 
different, masmalias species, 

25 

So. A composition of matter consisting essentially of « 
xmivalent antibody. 

7. ?i composition of mstter consisting essentially o£ Fab 

3D protein . 

8- A coi«posit^ion oi n^atter of claim € ox claim 7 wtucfi 
is produced by recossbinant host cells. 



9. >. sequeoc=r; of o-iViino acxds prodccvd by r*ico!--binon=: 
host ceii-3 corresponding to inmunoqlobulin heavy cii-jjin. 
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10. h sequence of asclno acids produced by recoj^^hi nas^t host 
ceils corresponding to imraursogiobulin light chain, 

11. h s>-:;qiJs;r;oe< of c 1=53 as 9 or c)<i.\-\^ 10 which Is a chlsis,Tic 
h-savy Cham or ii:;ht c'-c':;;, lei-vvc: . 

12. A saqucncc of, cla-rr ij. wncrein that por>;..i.on t;ie 
seg^sence whicfs correspsrsiuas t:o the constant ssgion is 
homcjiogous to corresponding sequence of an arstibody derived 

j!5 f rom bU3aattS f an<J the assino sold sequence oi the variable 
region is homologous to the corresponding amino aci^ 
seqsaence of an aiitibody derived from non-feussan mammslian 
%soies. 

13<, A DNA -equ^^ncc wnjcM encoot.s tm the i'lsaynoglobulir 
of claxffi 1 or 2, the cojspositxon of ssafcteir of claim 6 or 
the ammo acid s^ssience ox claiss 9 or claim 10 . 

Xb. cxp r ^j,„cn p„e„iAXCi irf^uch coMprise^ trif» ^ NA ^ito.tno^ 

03; c^-5i! '4 <-|.-er.«o.> 1 nii!.<»d to a pro»>wtei. conipattbio s«-th a 
suitaiaie bost ceil . 

2S 

15 i Recosibinsnt nost ceils or host cell cultures 
traBStormed i«?ith the vector ot claanv X<i or iS, 

■J 7, A ijcthod to-- oreparo-nc iJ«mu-iogioi5uliri£! m roconbi.u-int 
30 host ceils whicn raetbod comprxses 

a J preparxx^q a OkA sequence encodirsg heai^Y chain , 
b) ins-ortin«? th<-> ^pq-^c^ce of a) into a rcpiiCible 
o V -io ■♦o" o^^> s a>. U 1 nii'< -1 > ^ ,n is t so ' 

35 d) inserting the ^^equencs of c) into a replicable 

espresion vectof operably Hftked to a suitable promoter. 



0125023 



bi and n^'-.t cu^tv!»-u v.' ^tor oi 0), 

i; ec->M"~riruj lighs cnam ana ht avv c3<^x t ''rv-Vi v.<;K 
culture, 

5 g) reconstitwt,i:n<j liqnt an<3 ^eaw cnam, 

s^'hsrein &t»pfr t"* an? r) jrs" be p®ri;orn«>a cit^^'-i 
i,cq>3*?fil^ :{3 i V an eather oider, or s nuitaneoassly, 

18. A jadthor for prepatinq Fab yto'-f^n xn rccoAhx-^ant 
IQ host cells wnicn TRethoa comprases 

a) i^rs" x-'^q c DKA sequence e roding the Fab r«»qiv>. 

OS' neavy crism,- 

is; ) .^^^ . ^ u< ^ a n. 

exprcs&iO*- v«:ctox op^ a 'H' 3 K«d to d s\.i*-ab <■ ^ -> < 

e} t ass^sform^nq nost ceP c«itur> isyit'i \*r(,t<t of 
b) and host cell enltssr® wxtn ti^e vector of oj , 
20 £5 recovers g iighi c>isjn c c -"aD prrxf.p rf ic^^v. 

chain from ceil cult^jre, 

r^cotstituMnq liq it atd y Tsb regior chsu<i, 
vberein steps f ) and ssay either be psrfomesd 
seqjtc ttxislly eix-sp*- vt&^t cr simitaneou Iv, 

25 

19 . A ssettsGsa tor sireDarainq univalent enti.body xts 
rocoj'iu a -s* > tils ts?ncii > co r'^p «e<; 

3-0 expression vector operribly linked J.o a su)iv..:;b.- proft.oter, 
c) prs?(>.:i;-inf; a DNA sequcnc:- encucin« l.ivi'n:: chair;,, 

express, i.or. vector ope>:ably linked to ;5"^JIl:abl^^ pronx) 

a) preparing a Q^^A sequence encoding the Fc portiofi 
35 of heavy chaiUf 
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i] : rj-iert U-e se--;acnce of q) in?;o <i repljcable 
expression vector or.,e: ^ linked to a svLi t.able profr-ot-er , 

q) tranSiOarmijig hass: celJ culture with the vector oS: 
b)f host cell culture with the vector of &) , and host ceil 
5 cult-ure with the vector of f ) , 

h) recovering lifhfe chain, heavy chain> m-^d Wc portiori 
of heavy chain from ceil coiture, 

i) reeonstitu ting light chaiUr heavy chain, and Fc 
portieii of heavy chains 

iO wherein steps h) and i} ^ay be performad 

sequent! aliy in either order or sis^uXtaneously . 

20. A niethod lor psreparixig heavy chsiii or light chain 
which metho<3 cojnprises 
15 a) preparing a seguenGe encoiSiug heavy or light 

.i->! ifiserting said sequence into a replicable 
expression vector operaaly llaksjd to a suitable jsrosjioter, 
c5 transforming host ceH cuitxire with the vector of 
20 b) f and 

d} recovering heavy or light chain fross cell culture. 

2.1. h ttsethod for proparincs F&h region heavy ch«in as a 
poiypsptide which sjsfchod comprises 
2S a) preparing a t>N'i^ sequence encoaing Fab region of 

heavy chain, 

b) inserting said sequence into a replicable 
expression vector operabXy linked to a sxjitable pronsoter, 

d) fcrsnsf orj«ing host ce.ll culi-ure \-s'.ith tho vector of 

30 b) . 

d) recovering Fab region of heavy chain irojs ceil 
cult^Ksre^ 
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Fig.dA. 
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